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PREFACE. 



No w6rk relating to a special branch of industry has met with a more 
cordial reception than the large octavo volume entitled " The Construc- 
tion of Mill Dams," issued by the publishers of the present work in 
1874. Thfe size of the former book was due in part to the heavy paper, 
liberal margins and large type employed; and while these features 
added greatly to its exterior appearance without affecting its practical 
value, the price was also necessarily much enhanced. Nevertheless, a 
large edition of the work, even in this comparatively costly form, was 
exhausted by the wide and constant demand for a treatise of that kind. 
This demand had never before been met; no complete work on the 
subject, and especially none of a strictly practical and useful character, 
having up to that time been offered to the public. The remarkable 
popularity of the book, it is believed, was owing not only to the fullness 
and accuracy of the descriptions given, but also to the fact that technical 
and abstract terms were as far as possible excluded, and the work 
rendered practically available to every owner or utilizer of water power. 

To meet the steadily continued call for the book, the publishers now 
present a revised edition, at a price which brings it within the reach of 
all classes, and in a form highly convenient for the purposes of a hand- 
book. They have also consolidated with it another valuable work 
entitled " Bookwalter's Millwright and Mechanic," in which are 
contained a large number of Tables and Rules pertaining to Practical 
Hydraulics, Milling, the Mechanical Trades and General Business, and 
a variety of Facts, Figures, Methods, Directions and Suggestions, which 
mechanics of every class, and especially owners or operators of mills, 
of whatever description, will find of constant use and value. 

JAMES LEFFEL & CO. 
Springfield, Qhiq, 



PART I. 

♦ - 

THE CONSTRUCTION OF MILL DAMS. 



CHAPTER I. 



MATERIAL AND FORM OF DAMS. 

The weirs or dams thrown across the beds of rivers have been con- 
structed in a great variety of shapes and of difierent materials, some of 
them too costly for general use in a country where small mills are 
chiefly -needed. In csises where the supply of water is large and a high 
fall is not demanded, a temporary dam composed of boulder stones is 
sometimes thrown across the stream in a diagonal or slanting direction, 
and of length considerably greater than its breadth. The water is thus 
partly forced into the conduit or race above the dam, and the remainder 
passes over the surface of the dam in a shallow sheet. Being hastily 
and cheaply built, a dam of this kind may be repaired without much 
outlay, but the inconvenience of doing this after every heavy rise of the 
stream is a material drawback on its value. 

In contrast with this comparatively rude species of dam are those of 
more solid structure, substantially built of stone, and stretched across 
the river in the form of a bow, the curve being against the current — 
the middle of the dam, in other words, being higher up the stream than 
the two ends. A dam of this sort, if provided with massive stone 
abutments, presents a firm resistance to the onset of a flood, and will 
stand any test ordinarily experienced. It may be made with a gentle 
slope from the crest both up and down the stream ; or with a steep 
descent on each side, making its walls almost perpendicular ; or again 
with either a steep or sloping front on the upper side and on the lower 
a curved apron, the wall rounding downward from the top like the 
lower half of the letter C, by which arrangement the fall is made 
gradual and its force abated. 

In a stream of moderate size, a form of weir has sometimes been 
adopted resembling the letter V, with the apex or point directed up 
stream. If built upon piles, with a frame of timber forming an 
inclined plane upon the face of the dam, and filled up with gravel 
surmounted >^v a. mnj^ of boulder strk****- "«"»ii *^cked in, the dam will 
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be nearly impenetrable by water. The position of the two arms of the 
V distributes the force of the water in passing over, and as the currents 
descending from either side tend toward the centre of the stream, the 
banks are less liable to be washed away. If timber is abundant, the 
frame, instead of having a uniform slope downward on the face of the 
dam, may be made in a series of steps like a wide stairway, breaking 
the water into cascades. The piles for such a dam may be placed at 
right angles with the current, stayed and covered with plank, and made 
watertight with sheet piling supported by foot piles. Constructed in 
other respects like the one last described, a dam of this kind will 
possess great durability and admit of no leakage. 

Aii undue accumulation of water above the dam may be remedied by 
a channel and sluice gate in one of the side walls, by which the surplus 
water may be drawn off before reaching the crest of the dam. A self- 
adjusting dam of heavy planks strongly framed together is sometimes 
stretched across the stream, connected by hinges to the crest of the 
permanent dam, and held in an upright position by weights passing 
over wheels on the abutments. In case of a flood the weights give way 
partially to the increased pressure and the auxiliary dam is let down 
toward a horizontal position, allowing the water to psiss unobstructed. 
In place of an appendage of this kind, movable flash boards are oflen 
used, being held in place by pins and other supports along the brink of 
the dam, and tightlv fitted to each other. In time of low water, the 
flash boards are of important service in obtaining suflicient head. 
When the stream rises, the boards are removed (though the supports 
may often remain) and the crest of the main dam being below high 
water mark, the surplus water escapes freely. 

In the following chapters the varieties of dams more practically 
adapted to the wants of mill-owners in our own country will be mainly 
considered — including log and frame dams, embankments, crib-work, 
and their various combinations. We accompany each chapter (with 
the exception of the Ist and 2d) with a full page engraving, in order to 
present to the reader more clearly the suggestions we desire to ofiFer. 
The methods of construction above described are chiefly useful for 
large establishments and corporations, with whom the matter of expense 
is not a vital consideration. Our next inquiry will be how the same 
practical reliability may be obtained, on a smaller scale and with the 
i|}ost moderate outlay. 



CHAPTER II. 



MATERIAL AND FORM OF BAMS.— Cbn^wttcd 

* 

In many localities where stone is not readily obtained — ^which is the 
case in a large portion of the Western States— frame dams -are the 
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cheapest substitute, and if properly constructed serve tbeir purpose in 
the most satisfactory manner. If the stream has a firm and level 
bottom, the frames, which are made in a triangular shape, resembling 
a harrow, may be placed directly on the bed of the river, without any 
intervening foundation. The narrow end or apex is of course laid up 
the stream, and the frames placed in a line extending from bank to 
bank, with a space of three or four feet between them. The upper side 
being then planked the whole length of the dam, an inclined plane is 
presented to the current on the up stream side, and if the frames are 
substantially built the pressure of the water will be firmly resisted. 

On a soft or irregular bottom, where a heavier foundation is required, 
the following plan is the most economical, and requires comparatively 
little labor. Three tiers of timbers running parallel to each other 
across the stream are placed at the foundation of the dam, one tier at 
the lower side, one at the upper side, and the third midway between 
them. Posts are then framed into the lower and middle tiers of 
timbers, those on the lower tier being of a height nearly equal to the 
top of the rafters at the crest of the dam, and the top of those in the 
middle tier being in range with the former and the foot of the rafters. 
Two upper tiers of timbers are framed upon the posts thus erected, and 
the rafters, which should be slightly notched at the point where they 
rest upon the timbers, are thus firmly supported at the head and foot 
and in the middle ; and the planking being well fastened to them, a 
strong and serviceable dam is the result, with but moderate outlay 
either of money or labor. 

The best form of dam, whatever be the material of which it is 
constructed, is that resembling a bow, with the arch up-stream, as 
described in chapter i ; but this method of construction is seldom 
followed in frame and log dams, the straight line calling for much less 
labor and care, as well as less material, the distance being of course 
less than when a curve is made. 

A cheap and substantial dam may be made, where timber is 
abundant, by laying a foundation of logs of considerable size, which 
are placed lengthwise of the stream and close together, forming a sort 
of corduroy road, extending from bank to bank. If the bottom is soft, 
the logs should be carefully fitted down and adapted to the inequalities 
of the bed, and if placed as deep as possible they will be less liable to 
decay by exposure in time of low water. The breastwork of the dam 
is built near the up-stream side of this foundation, the logs extending 
from under it down-stream, and serving as an apron to receive the 
waste water as it comes over. The rafters and coverings of the dam 
form an inclined plane on the up-stream side, and extend over the 
upper ends of the logs, protecting the foundation from being undermined 
by the water working beneath it. 

In a region well timbered, and where the stream has a rock or other 
solid bottom, a log dam of the following description has advantages in 
point of cheapness, strength and durability. A series of large logs are 
placed in line, one at the end of another, at the down-stream face of 
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tke dam, the loose rubbish being carefully cleaned out, and hollow 
places filled with short logs to support the main foundation firmly. 
The logs used for the foundation tier should be as long and large as 
can conveniently be procured. A series of short logs are then laid 
upon this tier, with their butt ends resting on the foundation logs and 
their top ends on the bed of the river, pointing up stream, the distance 
between them being six or eight feet. Upon these a second tier of 
long logs is placed, parallel with the foundation tier, but a little farther 
up stream. A second set of ties is laid with the butt ends on the second 
tier of logs and the top ends on the ground beside the first set. This 
second set of ties being a trifle shorter than the first, room is left to 
place a log of moderate size across the ends of the first ties. This will 
serve as a support for skids upon which to roll up the third tier of large 
logs. The logs should be notched where they cross and the ends 
resting on the ground firmly secured in order to impart the necessary 
strength to the whole structure. If properly built, the front of the dam 
will rise considerably faster than the rear, and will at the same time 
incline up stream, so that its form will resemble a portion of an arch, 
the foot of the ties being the center and the breast of the dam the 
circumference. Beside the series of lar^e logs in front, a second and 
even a third series of smaller size, running parallel with it across the 
stream, may be placed in the angles formed by the ties, which should 
be notched where they cross the logs ; and tne three series of logs 
should range in height so that the covering of the dam will form an 
inclined plane — not too steep for the length of the incline, or the whole 
fabric may slide down stream when the pressure of the water is brought 
to bear. Either logs or rafters may be used in constructing the covei^ 
ing. If the former, they should be close together, and chinked with 
moss, pounded cedar bark, or other suitable material. If rafters are 
used, they may be placed about three feet apart and planked crossways, 
the thickest planks being used at the bottom and at the crest of the 
dam. 

As a matter which may interest the reader, we give, before closing 
this chapter, a brief account of the method in which a broken dam in 
the western part of Indiana was repaired some time since, after repeated 
unsuccessftil attempts. The dam referred to was built of logs, brush- 
wood, etc., and the bed of the stream was a treacherous quicksand — 
perhaps the most difficult kind of bottom upon which to obtain a secure 
foundation. The breach was nearly in the centre of the dam, and not 
less than forty feet wide ; and the deep and swift current which rushed 
through it defied every efibrt to gain a point of support from which to 
work. Various expedients were tried, even to throwing huge boulders 
into the stream, which were carried along by the force of the water 
and rendered of no avail. Several millwrights and engineers coasted 
in skiffs about the place for two or three days, looking for some base of 
operations, but entirely without success. At length one of them, 
having pushed his explorations along the banks a mile or more up 
stream, discovered a huge tree, with an extraordinary breadth of 
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branches, near the water and leaning toward it in such a Way as to 
suggest that it might possibly be launched into the stream. Other 
trees near it were felled and leaned against standing trees so as to 
serve as a kind of skids, and by dint of two or three days' patient toil, 
in which the use of windlasses was found necessary, the tree was at last 
guided down the stream butt foremost, and lodged in the gap at the 
broken dam. The expedient proved completely successful, for 
although a mighty cracking and splintering of boughs ensued, the stout 
branches held fast on the sides of the dam, and a beginning was thus 
made from which the necessary repairs were effected with comparative 



CHAPTER III. 



LOG DAM FOR SOFT OR SANDY BOTTOMS. 

In a country where timber is abundant, a log dam is the most 
economical, affording, if properly built, an ample degree of strength 
and durability at comparatively small cost aside from the labor 
involved. It is adapted, moreover, to river beds which are of too 
yielding a character to afford a solid foundation for a stone dam. Our 
engraving reproduces in all its essential features a drawing made in 
our office for the construction of a dam in the State of Texas. It is 
adapted to all localities where timber is not too costly, and especially 
to streams which have soft and sandy bottoms. In the engraving the 
dam is shown as if cut into at the middle of the stream, the further 
half being represented, with the crib or pen built into the opposite bank. 

The dam here represented may be literally described as a " brush and 
timber dam," though it comes under the general head of log-dams, the 
main portion of its structure being of that character, while saplings of 
any size may be used in making it compact, and brush, clay and 
boulder stone for filling on the np-stream side. The process of 
constructing this dam is essentially as follows: Cut trees of eight or 
ten inches in diameter, lopping off the limbs on what will be the top 
and bottom sides, when the logs are placed in position. Start the first 
layer (forming the foundation and front of the apron of the dam, and 
projecting down stream as shown at the extreme left of the cut) placing 
the logs side by side with the tops up stream, the lower or butt-ends 
being about fiffy feet below the point where the dam is to be raised. 
Having completed this, fall back about twenty-five feet and place a 
second layer of logs side by side as before, the limbs being carefully 
lopped on on the under and top sides. Having now two layers or 
courses of logs reaching from side to side of the stream, start a third 
layer twenty feet back of the second, and carry it across the stream in 
ame manner as the others. The fourth course, five feet back of the 
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tih"ir(i, roni|ileteB the serieii of suceesflive and overlapping tiers of logs 
couBtitiLtiiitc the foundation of the dam and forming the apron. With 
ibis Inst coiirtie, you begin raising the dam, ueitig for the purpose treen 
and Huplinga of any convenient size, and all the while fjlling in 
compacllv, especially tcward the up-Btream extremity of the dam, with 
hnish ami clay. If boulder stones are readily accessible they should be 
thrown in along with the clay. 

The successive courses of logs should now be laid on in such a way 
that the face of the dam will present a steep slope, the crest being 
about two feet farther upstream than the point at which the dam rests 
upon the apron. At nearly every course it is well to lay binders 
lenjithwlse across the stream, pinning them to the largest lags beneath 
thein. The ends of these binders, which may be three or four inches 
in diomeler, are shown in the cut. "^^^S should be placed from two to 
four feet Imck of the face of the dam. Having reached the crest of the 
dam, a top binder is jiinned o« as solidly aa possible, a pin being 
diiven wherever there la a chance for it to hold. If convenient, two or 
even three binders may be employed, in which case they shonld be 
firmly secured to each other and to the upper tier of logs. The dam 
should he filled in on the surface, from the crest hack to the extreme 
up-atream tips of the trees, with fine brash and clay. For this purpose, 
trestle work may be built out over the stream and planks laid on to 
serve as a track on which lo wheel the dirt out upon the dam. 
Throughout the whole work, care should be taken to lop the branches 
from tlie top and bottom sides of the trees, and the butts of the trees 
should invariably be laid down stream. The dam should be made in 
the form of a semi-circle or half-moon, arching up-stream. 

To secure the ends of the dam, a log-pen should be built at each 
bank, (one of which is shown in the cut,) extending back into the bank 
as far as it can conveniently be carried. Each pen should be chinked 
thim the inaide and filled with clay; or if stone is plenty it may be 
used instead of clay for filling the pens, which will not then require to 
be chinked. If clay is used it should be packedin as tightly as possible 
to prevent it from working out. 

It has been found that a dam of this kind will settle about eighteen 
inches the first year, for which due calculation and allowance should 
be made After that time, it will remain nearly stationary. It is 
cheaper in a favorable locality, than a frame dam, and has an important 
advantage in the fact that it will hardly ever wash out. It is almost 
impossible to build on a quicksand bottom a frame dam that will stay 
in, as the experience of many mill-owners has shown. The use of 
piling cannot be recommended, as the water forms small whirlpools 
around the piles, and will in time wash out the earth clear to tbeir 

It should be remarked that in building a dam of this kind, unless the 
stream is nearly dry, it will be well to leave a passage through which 
the water may escape while the building is going on. This need not 
Usaally he done until the spron is completed, and perhaps one or two 
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courses of the upright part of the dam laid on ; but after that it will 
be expedient to leave a space or channel near ^f middle of the dam 
for the water to pass through until the rest of the da'm is finished, when 
the gap may be closed up. 



CHAPTER IV. 



A SAFE AND ECONOMICAL DAM. 

We give in connection with this chapter an illustration representing 
a style of dam which can be confidently recommended for its durability, 
and which involves no excessive outlay either of money or labor. It 
has some points of resemblance to the log dam described in our last 
chapter, but the dam referred to is particularly suited to a region where 
limber is abundant, while the one here shown does not require so ample 
a supply of that material. The abutments of this dam, it will also be 
observed, are built of stone, instead of crib-work, as in the former case. 
Crib-work, however, can be substituted if more convenient; or if stone 
lA used, cap-rock or rubble will answer the purpose, if compactly laid 
and filled in with earth solidly in the rear, nearly as well as more costly 
building stone. 

The construction of this dam is shown very thoroughly in the cut 
Its qualities of firmness, compactness and durability adapt it to any 
8ort of bottom, whether it be sand, soft mud, gravel or rock. The first 
step in the process of building it is to lay the foundation logs A A, 
which extend across the stream, bein^ spliced if necessary, to obtain 
the requisite length. They should be imbedded in ditches crossing the 
.stream transversely, and of sufficient depth to bring the upper surface 
of the logs nearly on a level with the bed of the stream. One of these 
logs is laid at the foot of the apron, another at the point where the dam 
is to be raised, and the third, fourth and fifth farther up stream, as 
Hhown in the cut, the distances between them being six or eight feet. 
The ends of these logs should project some distance from the sides of 
the dam into the bank or under the abutment. The weight of the 
abutment resting upon them will have the efi^ect to hold the dam in its 
place and prevent it from being lifted or moved forward by the force of 
the current. ^ » 

The second series of logs, B B, are laid across the first course, 
lengthwise of the stream, and about six feet apart, th6 butt ends resting 
upon the lower log of the first course. The dam is then raised at the 
second log of the foundation, which is six or eight feet from the front 
log, the intervening space being occupied by the apron of the dam. A 
log of considerable size is laid down directly above the foundation log, 
and notched to the logs B B wherever they cross. A smaller log may 
be laid in like manner above the third foundation log, and also at the 
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fourth if desired; as these cross-logs or binders, whien should be put in 
with considerable regularity, especially at the face of the dam and near 
it (as shown at D D) will serve to support and hold together the whole 
fabric. The alternate courses of logs having been carried up to the 
height of about five feet at the face ofthe dam (which should be nearly 
perpendicular) and sloping back gradually as shown in the cut, the 
crossing ofthe logs will' form cribs or chambers, as at C, which are to 
be filled with stone or gravel. Stone is to be preferred if conveniently 
at hand, but gravel answers the purpose nearly as well. The binders 
on the top ofthe dam, crossing the stream, are to be firmly fastened to 
the logs upon which they rest — those at the crest of the dam and at the 
lower edge of the planking being secured by bolts, which pass through 
all the successive logs below them to the very foundation ofthe dam. 
Except at these points it will be sufficient to fasten the binders with 
long pins to the logs beneath them. The planking E already referred 
to extends from the crest of the dam about twelve feet toward the 
up-stream end, and serves to protect the front of the structure from 
damage by ice or driftwood. The spaces at H, at the rear of the dam, 
below the planking, should be filled with stone or gravel. 

The abutments P (only one of which is here shown, as our engraving 
comprises but half of the dam, giving a front, top, and sectional view) 
are built, as already stated, upon the ends of the foundation logs 
projecting from the sides of the dam, aiding thereby to hold the 
structure in its place. The abutment represented in the cut is of solid 
masonry, good building stone being the material employed ; but it may 
be more cheaply constructed, either of rough stone or crib work, as 
described in the introduction of this chapter. 

The apron of this dam should be planked between the projecting logs, 
as shown at G, the planks extending back under the first transverse 
log which begins the face ofthe dam. 

It will be manifest from the nature of its construction that no part ot 
this -dam can be moved from its place without the entire fabric going 
with it. The diflFerent portions being firmly connected and secured to 
each other, the structure must go out bodily or not at all. The great 
breadth of the dam at its base is one of its strongest advantages, 
preventing it from being undermined by the current — a danger which 
constantly threatens a dam with a narrow foundation, let it be ever so 
strongly built. It is also to be observed that the amount of timber 
required in building by this plan is very moderate, being much less 
than is often used in dams which do not possess nearlv so much actua^ 
strength as is here afforded. As a practical example of the reliable 
character of this dam, we may here remark that one ofthe publishers 
of this work, having had two costly dams of cut stone carried awaj' 
from the same site by high water, finally built one according to tho 
plan here described, at a total cost of $700, and found it perfectly 
safe, the floods of four successive years, some of them extremely 
violent, having failed to carry away any partof it, or inflict any material 
damage. Neither ofthe two stone dams which preceded it stood over 
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eighteen months, the bottom being of the sandy and treacherous nature 
to which a great part of the difficulty involved in the science of dam- 
building is to be attributed. 



CHAPTER V. 



A HOLLOW FRAME DAM. 

We present in this chapter an illustration of a hollow frame dam 
adapted to a country where economy in timber is necessary. It offers 
an equal degree of security with the log dams previouslj^ described, at 
the same time requiring far less material in its construction. The dam 
here represented is built upon a solid rock bottom, but with slight 
modifications is adapted to streams with a soft or sandy bed, as 
hereafter explained. 

The first step in the construction of this dam is to lay the foundation 
blocks A A, each of which is a stick of timber ten inches square and 
about four feet in length. Three rows of these blocks are to be laid 
across the stream, one at the face of the dam, one at the up-stream 
extremity, and another midway between them. The distance between 
the centers both ways — across the stream and from one row to another — 
is eight feet, giving three blocks or bearings to each bent of the frame 
work. Three additional blocks are placed in the front row and twelve 
in the rear row to receive the bolts bv which the dam is fastened to the 
rock. Upon these blocks are now laid the mud-sills B B, which form 
the immediate foundation of the dam, consisting of logs about sixteen 
inches in diameter, hewn on the upper and under sides so as to give a 
t ickness in that direction of thirteen inches. These are laid across 
the bed of the stream in three tiers, one for each row of blocks. Where 
jhints occur, a two-feet splice should be made, and the two ends firmly 
ponned together. The end of the front sill at each bank should project 
inito the abutment about fifteen inches ; while that of the second or 
middle sill projects an equal distance just behind the up-stream wall of 
the abutment, the centre of which is near the front sill, bringing part of 
the abutment against and the other part below the dam. The front 
sill has three bolts passing through it, one at each splice, an extra 
block being placed underneath as already stated. The up-stream sill 
has twelve bolts, under each of which is a block, in addition to the 
blocks on which the bents of the frame-work are to rest The bolts 
should be li inches in diameter. Each one of them passes through 
the sill and block down into the rock, which it penetrates about three 
and a half feet, making the total length of the bolt five and a half feet 
The bolt is made after the hole has been drilled, the necessary length 
being ascertained by careful measurement A " stoved head ' as it is 
called, is given to the bolt, and a washer placed underneath the head, 
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which is drawn tightly^ down by the tapered shape of the head. In order 
to prevent any possibility of the bolt working loose, the lower end is 
split five or six inches up, and an iron wedge inserted. When the bolt 
is driven down, the wedge, coming in contact with the rock, is driven 
up, and spreading the point, holds the bolt firmly in its place. Fine 
wet sand afterward put in will make it perfectly tight and solid, being 
as effective for this purpose as lead or cement. 

In drilling the hole in the rock, an ordinary stone drill slightlv 
smaller than the hole to be made, is employed, and is put down througn 
the sill and block, which are previously bored and placed in position. 

The bents of which the frame-work of the dam is constructed, and 
which come next in order, are built throughout of timbers ten inches 
square — the same size of material being used in the lower horizontal 
pieces C C, the uprights D D, and the upper pieces E E, which form the 
slope of the dam. The length of the lower timbers is sixteen feet, and 
that of the upper timbers the same, the effect of which is to give the 
face of the dam a slight inclination up stream. The lower timbers are 
framed into each sill, a gain bein^ cut two inches deep, and the timbers 
secured with a dove-tau key driven to the side of each bent. The 
upright posts connecting the upper and lower timbers of the bent have 
a length of two feet three inches in the clear at the face of the dam, 
and half that length at the middle sill; and they are to be mortised 
into the upper and lower timbers in the same manner as in the framing 
of a house. The bents are the same distance apart between centers as 
the blocks under the sills — eight feet, and the distance from the front 
to the middle upright is the same. The upper and lower timbers of 
each bent are hewn obliquely or beveled at the upnstream end so as to 
fit snugly together and give a combined thickness at the extremity 
equal to one piece. 

The last step in the building of the frame is placing the ties F upon 
the top of the structure, extending transversely across the stream in the 
same direction as the sills. There are five series of these ties, one over, 
each sill and one between. They should consist of timbers 4 by 7 
inches and lie on the narrower side. Each tie is let into the upper or 
inclined timber of the frame wherever it crossess, the depth of the gain 
being one and a half inches, giving the tie five and a half inches 
thickness above the frame. The gain is cut into the frame at right 
angles with the upper timber, the ties being thus slanted slightly up 
stream and presenting a level surface for the planking. The forward 
tie is let into the frame piece about four inches from the end, in order 
to give sufficient strength to the gain to prevent it from breaking out. 

The whole upper surface of the frame is now planked over. The 
planking, which is strongly spiked to the ties, should be one and a half 
inches wick, and the wider the better, as the fewer the number of 
joints, the more secure from leakage will be the covering of the dam. 
A greater thickness of plank than that given will increase the liability 
to rot, as the wood is wet on one side and dry on the other. 

The abutments, as already stated^ extend but halfway from the face 
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to the up-stream end of the dam. To protect the exposed portions of 
the sides, the dam is enclosed with stout upright planking from the 
middle sill to the up-stream end, the ends of the planks resting on the 
rock bottom. In like manner, the rear of the dam is closed with sheet 

giling extending from bank to bank, closely matched and of sufficient 
eight to meet the planks which cover the top of the dam, the lower 
ends of which are Tooted by the piling, which extends to their upper 
side and is flush with the surface of the dam. 

The abutment is built of timbers fifteen to eighteen inches in diameter 
and is eleven feet square. The logs are hewed on one side to give a 
face to the abutment The first or foundation timbers are laid in the 
same direction as the sills of the dam, transversely to the stream, the 
lower one about three feet below the face of the dam, and the upper 
one just below the middle sill, which it touches and helps to hold in 
position. The first cross piece on the side toward the dam is laid over 
and across the end of the front mud-sill, which extends beneath it, as 
already stated, about fifteen inches into the interior of the crib. The 
up-stream end of the cross piece reaches to the middle sill of the dam. 
The timbers of the- crib are notched and saddled where they rest upon 
each other, and the structure is thus firmly held together. The ends of 
the first two ties on the surface of the dam extend to the crib, and the 
third tie passes directly behind it in the same manner as the center sill 
below. The crib is filled up with rough stones or coarse gravel, and 
covered with upright planking on the upper side and on the side against 
the dam. A joist, I, two by ten inches, is spiked against the crib along 
the top of the dam from its crest to the up-stream corner of the crib. 

The dam here shown is ninety-three feet long and its total hightfrom 
the rock bottom to the surface of the planking is six and one-half feet 
There are eleven bents in the complete dam, only half of which is 
shown in our engraving. The dam here represented was built by 
Messrs. Bookwalter & Claypool, of Attica, Indiana, to furnish power for 
a large and very complete nouring-mill erected by them, in which three 
Leffel Double Turbines were placed, with all other necessary machinery, 
furnished by the same establishment The design of the dam, which 
was drawn in the office of James Leffel & Co., pan be adapted with 
some alterations to a stream having a soft instead of a rock bottom. 
For that purpose, it would be necessary to lay a foundation of two and 
one-half inch plank, instead of the blocks, for the sills to rest upon. 
These planks should be laid lengthwise of the stream, and project ten 
or twelve feet below and an equal distance above the dam, making a 
total distance of about forty feet As it is difficult to obtain planks of 
this length, the foundation may be laid in two sections, the planks in 
each having a length of twenty feet About midway between the breast 
and the up-stream end of the dam, where, if the planks are twenty 
feet long, a joint will occur, a wide sill should be placed beneath them, 
upon which the ends of the planks can be firmly spiked. At the down- 
stream end of the planks, constituting the edge of the apron, a light 
sill or binder should be placed underneath — not to support, but rat£er 
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to hold toffether the planks. At the up-stream end, the planks will be 
simplj imbedded in the soil, and the planking at this point, and t^ 
whole back of the dam, covered with gravel, sand and dirt. A layer of 
brush at the bottom of this covering will make it hold all the mor0 
firmlj to the bed of the stream. 



CHAPTER VI. 



A RIP-RAP DAM. 

The conditions of cheapness in the construction of a dam are chansed 
by every change of locality. In one section, where material of a suifa- 
ble kind may be comparatively abundant, while labor is scarce and 
commands high wages, economy is consulted by making the work of 
building as short and simple as possible, even if the material used is 
not the cheapest which could be found. In another district, or under 
different circumstances, workmen may be easily obtained at a very 
moderate rate, and the mill-owner may in this case save money by put- 
ting an extra proportion of labor instead of expensive material into his 
dam. Our engraving herewith given illustrates a kind of dam wholly 
distinct from any which we have before presented. In some portions 
of the country it would be difficult to' find stone enough for its con- 
struction at' any price — and it is not intended, of course, for the de- 
mands of such localities. In other sections, the earth and stone of 
which it is composed would cost almost literally nothing, and it has the 
further adyantage of requiring no skilled labor in putting it up, except 
in building the chute and waste gate, and in the laying out ana general 
superintendence of the work. 

The construction of a "rip-rap dam," which is the term commonly 
applied to a 'dam of the description here shown, is begun by throwing 
an embankment of earth across the stream (space being left in the mid- 
dle of the stream for the waste-way or chute), carrying it up to a hight of 
about eight feet in the center and sloping it as shown in the cut, quite 
steeply on the down-stream and more gradually on the up-stream side. 
The dam here illustrated has an extent between the foot of the iip* 
stream and that of the down-stream slope, of from thirty to forty feet, 
and from one bank of the stream to the other of a little over seventy 
feet Of the latter distance, twelve feet in the middle of the stream is 
occupied by the chute (in which the waste-gate is placed as hereafter 
described), leaving a distance of thir^ feet on each, side, from the 
frame-work of the chute to the bank. It is not intended, of course, that 
the water should at any time flow over a dam of this sort, the es- 
cape of surplus water being provided for by the chute. The two slopes 
of the embankment do not meet at the top in such a way as to form a 
sharp ridge or crest, but the summit is leveled off so as to give a nearly 
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flat surface about four iaet in width, extending the whole length of the 
dam from each bank until it reaches the chute. 

In constructing the embankment, the framework of the chute is to be 
set in position and strongly planked on the interior side, where the 
water js to pass, before the earth is filled in at that point — except that 
a fill about two feet in depth is made on which the floor of the chute is 
to rest. This floor is laid upon a frame of heavy sills and cross-timbers, 
the planks of which it is composed extending lengthwise of the stream, 
and projecting at the down-stream end some eighteen inches beyond the 
face of the dam, in order that the current of water, as it issues from the 
chute, may be carried beyond and clear of the embankment beneath. 
The tendency of the water to wash away the foundation of the dam is 
thus avoided. This is an important point, as the result of neglect in 
this particular will be the speedy undermining of the chute and caving 
in of the wall of earth and rock on either side. 

The earth-work having been completed, the dam is now to be " rip- 
rapped" from end to era. This process consists in laying two courses 
of stone, one above the other — ordinary cobble-stones being a suitable 
material for the purpose— v^ver the whole surface of the embankment. 
The stones are placed on their edges, in the manner in which a gutter 
is paved, and laid as compactly together as possible, so as to give the 
entire dam a strong and durable face on both slopes and along the 
crest. The united depth of the two courses of stone will be about 
twenty inches. If three instead of two courses are laid, additional 
strength will be gained, and the dam will be all the more secure from 
the effecfe of any accidental inroad of water. The rip-rapping should 
not be confined to the dam itself, but extend along the banks on both 
sides of the stream, a short distance above and below the dam, as shown 
in the cut. This will prevent the banks from being worn away or washed 
out, and protect the dam from injury, to which it would otherwise be 
constantly liable. 

The up-stream slope of the dam is covered with earth from the base 
about two feet upward, reaching to the floor of the chute. 

Our engraving represents, in addition to the dam, the inlet and part 
of the channel of the mill-race, on the further bank of the stream. The 
corners of the banks at the point where the water enters the race should 
be rip-rapped in the same manner as the dam, to secure them from being 
washed away and caved in by the continual action of the current. The 
exact distance to which the sides of the race at this point should be 
covered with stone will be determined by the shape of the bank, char- 
acter of the soil, swiftness and force of the current, and other consider- 
ations which vary in difl^erent localities. The matter will be easily reg- 
ulated by the exercise of a fair degree of judgment ; but in general it is 
best to err, if at all, on the safe side. A little extra precaution, result- 
ing in perfect security, is better than a falling short which may lead to 
damage and destruction in time of flood. 

The construction of the chute and waste-gate is a matter in which, of 
course, some measure of skill in the carpenter's and millwright's trade 
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will be in demand. The heavj timbers required are the sills and cros.s- 
timbers of the floor, the upright posts, the inclined or slanting beams 
which follow the direction of tibe slope of the dam up and down stream, 
and the timbers connecting them at the top, which will be as long as 
the crest of the dam is wide. The posts are mortised into the sills be- 
low and into the beams above, and their lengths are so arranged as to 
give the proper slant to the inclined beams, parallel with the face of 
the dam. 

For the construction and operating of the gate, a number of methods 
are in use. A very simple arrangement is that in which the ^ate is 
raised and lowered by the use of a lever inserted into holes in the 
standard to which the gate is attached. A chain and windlass may also 
be used, the manner of their application being so obvious as to require 
no minute description. Still another form oigate is found very useful, 
in which the gate is made in sections, each section swinging on a hori- 
zontal axle resting on journals near the bottom of the gate, so that it 
can be let down lil:e the tail-board of a cart when desired, and raised 
with equal ease whenever necessary. The division of the gate into 
sections, or as it were into several narrow gates, each acting independ- 
ently of the other, is found expedient on account of the great force it 
would be" necessary to apply to raise and lower the entire gate in the 
manner described. The geCtes fall in the up-stream direction, their own 
weight assisting the process when they are lowered, and the force of 
the current helping to raise them — sometimes more powerfully than is 
desired — when the chute is to be closed. 



CHAPTER ril. 



A CRIB DAM. 

We present in this chapter an illustration of a dam peculiarly adapted 
to streams which have a comparatively narrow channel, witn a high 
bank on each side — although the latter condition is not indispensable, 
as any deficiency in this respect, if the shape of the country is not ex- 
tremely unfavorable, can be made up b^ constructing an artificial levee 
or embankment. The structure of this dam is of the nature of crib- 
work throughout, logs being the material used in every part, although 
stone, gravel, clay and brush are employed in filling at various points, 
as hereafler described. 

The dimensions of the dam shown in the cut are nearly as follows: 
length of span, fifly feet, the logs in each of the two sections being 
about thirty feet long, giving ample margin for notching at each end; 
cribs on each side twenty feet square, the logs of which they are built 
from twenty-two to twenty-five feet long and the hightof the cribs from 
twenty-five to thirty feet. The dam itself is twenty-five feet high, the 
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cribs being carried up three or four logs above the top of the dam. 

In building a dam of this description, the whole structure, including 
both the cribs and the V shaped connection between them, are begun 
and carried up together. The apron, however, is first put down, con- 
sisting of a layer of logs placed closely side by side from bank to bank, 
with the butt, ends down stream, and the limbs lopped off up to the 
point where the dam is to rest upon the apron. Above this, the limbs 
may be left on the trunks, as they extend into the earth which is filled 
in above the dam. The front of the apron should extend three or four 
feet forward of the cribs, as shown in the cut. The logs used in build- 
ing the apron, and also the cribs and the dam itself, should be, if pos- 
sible, at least one foot in diameter, in order to give the proper degree 
of weight, strength and solidity to the fabric. 

Having completed the apron, the next step is to lay the foundation 
of the wings and central portion of the dam. The first log of the crib 
on each side should be firmly pinned to the apron ; or the foundation 
of the crib may be laid two or three feet deeper than the apron, in 
which case it will not be necessary to fasten them together. The cribs 
are each to be set into the bank, which will thus enclose them on three 
sides, as appears in our illustration. Thus situated, it is scarcely within 
the bounds of possibility for the cribs to be moved from their position; 
and if their connection with the dam is made firm and secure, the 
strength of the fabric, aided by the peculiar shape which it presents to 
the current on the up-stream side, will resist almost any conceivable 
pressure of water. 

In building up the cribs and the dam, the logs are to be notched and 
saddled wherever they meet — that is, at the four corners of each crib, 
at the points where the timbers of the dam enter the crib, and at the 
middle of the dam where the two sides of the angle or V intersect. 
This angle is of course pointed up-stream, the proper distance from the 
center or place of intersection to the down-stream edge of the apron 
being about twenty feet. The pressure of the current upon the harrow- 
shaped structure thus presented- to it will of course tend to spread the 
two wings or cribs apart; but if the latter are well grounded, filled and 
supported, and the logs in every part of the dam carefully notched upon 
each other, the force of the current will have no perceptible effect. 

Binders are to be inserted in each half of the dam as the work pro- 
gresses, one for every second course of logs being sufficient, although 
one for each course is still more effectual. Small trees or saplings may 
be used for this purpose with the limbs and brush left on, the butts rest- 
ing between the logs of the dam and the tops forming a part of the fill- 
ing on the up-stream side. In the engraving, the ends of these binders 
may be seen between the courses of logs fcxaiing the V, the tops of 
course being covered up and invisible. 

^ The cribs are to be filled with stone and gravel, and if these mate- 
rials are scarce, a moderate proportion of clay may also be introduced. 
The up-stream side of the V is to be covered with upright planking, 
which will extend from the top log down to the apron. Planks ten 
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inches wide and two inches thick are suitable for this purpose, and they 
should be placed close together and either pinned or spiked to the logs, 
as convenience may dictate. The planking is cut away at the points 
where the binders occur, sufficiently to admit the ends of the binders, 
which rest upon the horizontal logs and are notched to them as already 
described. 

The filling on the up-stream side, against the planking, completes 
the building of the dam. For this purpose, any convenient material 
may be used, whether stone, gravel, clay or brush, or all together. The 
filling should slope gradually from the crest of the dam, extending up 
stream a distance of not less than twenty-five feet, in order that all risK 
of the washing or undermining of the dam may be avoided. 

If the banks of the stream are too low to enclose the cribs to a sufii> 
cient hight to make them secure in their position, an artificial embank- 
ment must be constructed, covering three sides of the crib and extend- 
ing from the stream until it reaches ground of the same hight as the 
top of the dam. This embankment should be made wide and substan- 
tial, and compactly built of stone or earth. It is important that the 
material should be of such a nature that the water will not penetrate it, 
as the destruction or serious injury of the dam may occur in conse- 
quence of a very small outlet. The main force of the stream is brought 
to bear, of course, upon the dam itself; but in time of high water there 
will be more or less pressure upon the levee, which should accordingly 
be made as secure as circumstances will allow. 

Our illustration shows, also, the entrance of the race above the dam, 
on the left bank of the stream. 

The dam above described is adapted to any sort of river-bed, whether 
it be rock, sand or clay. The shape of the banks is a more material 
point than the nature of the bottom, especially if it is desired to raise 
the dam to a hight equal to that shown in our engraving. 



CHAPTER nil. 



A PILE DAM. 

The dam which we illustrate in this chapter is adapted to a mud 
Dottom or to any kind of river-bed which will afford a firm foothold 
for piles, and into which they can be driven to the necessary depth. 
The first step in the process is the preparation of the piles, which 
should be of oak if convenient, ten or twelve inches in diameter, and 
from twelve to twenty feet in length, according to the height it is 
intended to give the dam, the nature of the bottom, and consequently 
the depth to which it is necessary to drive the piles. The taper at the 
lower end should begin two or two-and-one-half feet from the point 
In using the pile-driver in setting the piles it will be found thftt the 
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force of the Bttccessive blows will after a time have the effect to split 
the pile at or near the top; and to prevent this a ring should be placed 
over the top of the post. This ring is made of bar iron three-fourths 
of an inch uiick and from two-and-a-half to three inches wide, the ends 
where they meet to form the circle being welded as strongly as possible. 
It is also expedient to champer or bevel the inside of the ring so that 
it will go on with the wider opening downwards, the object being to 
make the ring compress the top of the pile in such a manner that when 
it is desired to remove the ring it will come off easily. Care must he 
taken not to champer it at too great an angle, or the post will act upon 
it like a wedce •nd the ring will burst before the driving is completed. 
As this accident is liable to happen in spite of everv precaution that 
can be taken, it is well to have several rings made before beginning 
the work, so that while one is taken away for repair another may be 
used and the driving go on without interruption. 

For a dam like the one here illustrated, the piles are driven eight or 
nine feet into the ground, leaving from six to eight feet above for 
height of dam ; but where the bottom is sound and nrm the posts need 
not go in to so great a depth. There are three rows of piles shown in 
our engraving, the two front rows, A and B, being close together, but 
alternating so as to "break joints," and the second and third rows, B 
and C, being far enough apart to admit a horizontal layer of logs E ES 
between them. A dam may be built with but two or even only one 
row of piling, and possess sufficient strength for any ordinary test. If 
only one row is planted, logs and brush should be piled up behind it 
on the up-stream side so as to make the dam tight and break the 
immediate pressure of the current. The horizontal logs E E should 
be of about the same diameter as the piles ; and between them, at 
intervals, are inserted the butt ends of the binders G G, which are logs 
or poles from thirty to forty feet in length, extending from the piles 
up stream and being covered with the nlling. The upper horizontal 
log E is pinned, as will be seen in the cut, to the ena of the binder 
below it ; and this should be done at frequent points along the whole 
extent of the span. 

The apron H has a foundation of heavy sills D D, for which large 
logs should be selected, laid transversely across the stream, and spliced 
and firmly pinned where two ends meet. Cross logs F F are laid upon 
these, extending up stream between the piles, and having a length of 
from ten to fifteen feet, or whatever may be necessarj^ to prevent the 
water, as it comes over the dam, from striking beyond the apron and 
washing out the river bed. The planks H are laid parallel with the 
cross logs F and firmly spiked to the sills D D. 

The crib I is a hollow square composed of piles driven down in the 
same manner as those of the dam, but of greater length above the bed 
of the stream, making tiie top of the crib from two to four feet higher 
than the dam, according to the height and nature of the bank. These 
piles, as will be seen, are placed close together ; and the dam should 
meet the crib at a point a little farther up stream than the center of 
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the crib. At K is shown the water-line when the dam is full to the 
crest ; and at L is indicated the filling, for which gravel, dirt and stones 
may be used, the slope extending from the crest of the dam thirty or 
forty feet up stream. The same material is used for the filling of the 
cribs or abutments, of which but one is shown in our engraving, which 
represents the dam as if cut in two, lengthwise of the stream. 

It is of special importance that the dam should be made as nearly 
water-tight as possible in every part. For this purpose stones may be 
used in filling the holes, the size of those first put in being sufficient to 
prevent their passing through, and smaller stones being thrown in 
after these. The same process is of equal benefit in the interior of the 
crib, where there is considerable liability of washing out. Hazel brush 
cut fine and closely packed in is also recommended for this purpose, 
the only objection being that it is subject to decay in course of time. 

Upon a bottom of suitable character, a dam built upon this plan will 
be found very substantial and reliable. It is of course not adapted to 
localities where quicksands occur at the bed of streams, as the piling 
cannot in such a case be given a firm foothold. 



CHAPTER IX. 



THE HOUSATONIC DAM AT BIRMINGHAM, CONN. 

Our suggestions on the subject of dam-building have thus far been 
chiefly confined to enterprises of a comparatively limited scope, being 
within the means of a single mill-owner of moderate capital. As this 
class comprises nineteen-twentieths, at least, of all the persons imme- 
diately interested in the use of water-power, it is of course entitled to 
the larger share of attention, and it is for the benefit of such readers 
that this volume is principally designed. As a variation, however, of 
the general plan thus far adhered to, a description of one of the most 
extensive works of this nature ever carried to successful completion 
will possess sufficient interest to reward an attentive perusal. Such 
an enterprise is the erection of the Dam of the Ousatonic Water 
Company, which extends across the Housatonic River at Birmingham, 
Connecticut, and which was some ten years since brought to successful 
completion. There are but few instances of a work of this kind 
conducted on so large a scale, and involving so immense an increase 
of manufacturing facilities. 

The damming of the Housatonic River was a subject of discussion 
as long ago as the year 1838, and at about that time a petition was 
presented to the Legislature of Connecticut having this object in view. 
Only a low tumbling dam, however, was permitted to be built, a high 
one beinff forbidden on account of ii& preventing the passage of tne 
obad--a higher value being then attached to the shad fisheries thim to 
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the manufacturing interest. This compelled, also a change of the 
location of the dam, and ultimately it was found that half a million 
dollars would be required for its erection, whereupon the enterprise 
was abandoned. ' It did not again take practical shape until the year 
1863, at which time the movement was inaugurated which has since 
been crowned with such triumphant success. The interval from 1863 
to 1867 was cojisumed in financial and legislative preliminaries, 
negotiations for real estate, obtaining of the charter and capital stock, 
etc., the Company being organized in November, 1866. The plans 
and specifications were then made by Wm. E. Worthen, of New York ; 
Henry T. Potter was engaged as Engineer and Superintendent, and 
the first stone was laid July 17, 1867. In August of that year, and 
in September, the work was interrupted by freshets. The double 
difiieulty arising from the current of the river above and the tide below 
with its three feet rise and fall every twelve hours, rendered the laying 
of the foundation an arduous task ; and it was found necessary to build 
cofiTer dams of plank, backed with earth, the water being then pumped 
out of the enclosed space. One of these dams was broken by the 
August freshet, but was speedily repaired. The stratum of rock at the 
bed of the river was found to dip too much to admit of the masonry 
being united with it, and the foundation was therefore laid on the 
gravel above, into which sheet piling was driven, the ends projecting 
upward a few feet and being encased m the stone-work. In November, 
four months from the commencement, about 200 feet of the dam had 
been built, some twelve feet above the foundation. 

In 1868, the 200 feet of dam in progress the previous year was 
completed and 300 feet more of the foundation laid, leaving a gap of 
100 feet for the passage of the stream, when a freshet swept through all 
the cofi^er dam protecting the unfinished work. This was late in the 
season, and the cofi*er dam was not restored until the spring of 1869, 
when it was nearly carried off a second time by a June freshet which 
caused two weeks delay in the enterprise. The work then progressed 
until the gap in the center had been nearly closed, the water naving 
been turned through the head-gates on the west side, when the heaviest 
disaster of all occurred, on the occasion of the great freshet of Octoljer 
4th. The central portion of the dam had been left in the worst possible 
condition, the back being carried up several feet higher than the front. 
The water passed over this part thirteen feet deep, carrying away the 
coflfer above and undermining and sweeping away about 160 feet of the 
dam. No attempt was made at rebuilding until the following year, 
when the coffers above and below the dam were restored, the latter 
being finished early in July. The removal of the water from the 
immense coffer below the dam was a work of such magnitude that the 
Engineer, Mr. Potter, devised a pump expressly for the purpose, 48 
feet long, 4 feet wide and 12 inches high, with buckets or elevators 
attached to belts. The power for this huge elevator was fiirnished by 
a turbine wheel, enclosed in a lar^e frame-work built on the apron at 
the west end of the dam. and using a portion of the water from the 
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river then flowing through the head-gates, to conduct which to the 
wheel a temporary flume was constructed. Qeared to this wheel was 
a large fly-wneel 12 feet in diameter, and another 190 feet distant, 
driven by a rope-belt above the pump. At each end of the pump was a 
drum, around which the elevator-belts passed, and into which one-half 
of each bucket fitted. This enormous pump worked night and day for 
several weeks, throwing about 5,000 gallons of water per minute, and 
enabling the workmen to pursue their task below the level of the river. 
When the water had bee.n all removed from the coffer, it was found 
that the full extent of the damage done by the October freshet had not 
been realized. It had not onlv swept away the central part of the dam 
but had cut down the river-bed south of the dam, making a hole more 
than half an acre in extent and 20 feet^ deep below the apron. This 
immense cavity was filled with rock anH stones, the foundations laid 
upon it, and on the 5th of October, 1870, the last coping stone was 
laid. On the 14th of that month the water was running over the dam, 
and the enterprise was an assured success. 

The Housatonic dam, thus completed in spite of the most formidable 
obstacles, is of solid masonry, 870 feet lone, including the abutments, 
and 22 feet 6 inches high. The curve which it makes, as shown in our 
second cut, constitutes the arc of a circle having a radius of 2,000 feet. 
The base is 20 feet, and the front has a slope up stream of 2} inches 
per foot It is capped with blocks of Maine granite 8 feet long and 
1 foot thick. The whole structure, including the surroundings, is 
estimated to contain 451,000 cubic feet of masonry. For the protection 
of the base from undermining an apron is provided, as indicated in 
our third cut, 24 feet lon^, composed of timber and concrete, and 
having 10-inch sills extending 8 feet into the stone-work of the dam. 
These sills are imbedded in concrete, and a secon'd course of timbers 
of the same thickness are bolted to them at right angles. All the 
spaces are filled with concrete, and the surface of the apron is then 
laid, consisting of timbers a foot square, lying close together in the 
same direction as the Ipwer sills, and strongly bolted to the timbers 
underneath. 

On each side of the river is a canal convening the water for use by 
the factories. That on the west side, which is the larger of the two, 
has five gateways, each eight feet square, with solid pillars of stone 
two feet thick between them, the bottom laid in cement and the top 
slabs of stone. The gates are made of oak planks, 8 by 8 inches, 
strongly bolted together and shutting in grooves in the stone. The 
canal is 60 feet wide and 14 feet deep, giving a cross section of 840 
square feet, and has an overflow of 150 feet near the dam. The sides 
are walled with stone. In its complete state it will open 3,700 feet of 
factory front, or over two-thirds of a mile. 

In June, 1871, the discharge of the river was ascertained to be 
nearly 5,000 cubic feet per second. Early in the fall the discharge 
was still one-fifth the above amount, in the midst of a drought which 
stopped nearly all establishments dependent upon water-power. The 
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minimum average flow at the lowest stage of water is estimated at 500 
cubic feet per second, equivalent, with the head of 22 feet, to 2,500 
horse-power for 12 hours per day. With the ample reservoir, extending 
back nve miles and covering nearly one thousand acres, no apprehen- 
sion can exist of a lack of water. 



CHAPTER X. 



A PLANK CRIB DAM. 

We return in this chapter to a class of dams more generally interest- 
ing to t^e milling community, because more applic^le to the circum- 
stances and wants of the vast majority, than such extensive structures 
as that described in our last chapter. For every locality where capital 
by the hunldred thousand or half million dollars can be judiciously in- 
vested in a dam, or is at command for such a purpose, there are nun- 
dreds where a small water-power offers a profitable business to a single 
operator with limited capital, and where the best method of utilizing 
that power becomes a question of vital interest. For the benefit of this 
numerous class of persons we illustrate herewith a dam which offers pe- 
culiar advantages in the manner of its constniction, admitting at once 
of a hijh degree of strength and very close economy in point of mate- 
rial. Its ability to resist the force and weight of the current is founded 
upon one of the simplest principles of mechanical science — that of the 
arch, which is employed in so many forms in the builder's art where a 
heavy load is to be sustained or a powerful strain endured. It is hardly 
possible to conceive of a pressure, except it were an upheaval from be- 
low which should not occur from any other cause than an earthquake, 
by which a dam built in the manner here illustrated could be forced 
from its position. We base this statement, of course, on the supposi- 
tion that due care is exercised in the construction of every part, and 
especially, as will be hereafter indicated, that the crib at each end of 
the dam is solidly built aild' firmly imbedded in the bank. 

Our engraving shows the dam as if cut in two in the middle of the 
stream, the other hall being exactly similar in construction, subject to 
such modifications as the shape of the bank may require. 

Upon a rock bottom no foundation sills are needed; but on a sofl 
hottom, these must be first laid, lengthwise of the stream, and consist- 
ing of logs 10 of 12 inches in diameter, with a flat face hewn on the 
^Pper side, reducing the vertical thickness to about 8 inches. The 
length of tnese logs will depend upon the extent of apron it is intended 
1^.*^ shall have. Upon a mud bottom a twelve-foot apron will be 
^fficient ; but upon quicksands an apron thirty or forty reet long will 
be required to prevent washing out under the front of the dam ; and in 
*«i8 case, adding the apron and dam together, the logs should be about 
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sixty feet long, while with a twelve-foot, apron logs thirty or forty feet 
long will be sufficient. They may be laid -about two feet apart on a mud 
bottom, but upon a sandy bed should be placed close together, the two 
edges being straightened so as to admit of a snug contact. If laid in 
this manner on a mud or stony bottom, the apron, consisting of the 
ends of the logs projecting from beneath the front wall of the dam, will 
not require to be planked; but on a sandy t)ed, or in* case the two-feet 
spaces are left between the logs, the apron must be planiked as shown 
in the cut. The foundation sill is represented in the engraving as a 
timber accurately squared on all four sides ; but this is not necessary, 
as a log with the flat upper face and two straight edges will answer every 
purpose. 

The foundation having been completed, reaching from bank to bank, 
the walls of the dam, the two cribs and the apron are next to be con- 
structed. The cribs and the dam are carried up together, and the 
planks of which the apron is composed (the cross-sills having been pre- 
viously gained upon the foundation logs and firmly pinned), are ex- 
tended into the front wall of the dam as will be seen in the cut. The 
sills for the apron may consist of timbers six inches square, and 2 J or 
3-inch hardwood planks, strongly pinned to the sills, should be used 
for the covering at this point. For the walls of the dam and cribs, 
two-inch planks are sufficient; and every other plank in the wall of the 
dam should pass through that of the crib, thus constituting a part of the 
partition wall inside. The effect of this arrangement will be that half 
the planks in the dam will pass into the crib, and the other half will 
abut against it, so that it will hold firmly against the pressure brought 
to bear on it, from whatever direction it may come, and no separation 
of the dam from the crib can in reasonable possibility occur. 

Before carrying up the walls, however, it is necessary to fix the direc- 
tion of the arch or up-stream curve of the dam. For this purpose a 
general rule maybe given, as follows: Supposing the width of the 
stream between the two cribs to be 100 feet, take a rope of that length 
and attach it to a stake in the middle of the stream far enough below 
the dam so that the up-stream end of the rope will just reach the 
middle of the inner wall of either crib, or the point where the dam is 
to rest against the crib ; then, keeping the rope tightly stretched and 
carrying the up-stream end across from one crib to the other, it will 
describe the curve which the dam should follow. In other words, the 
front wall of the dam should constitute the arc of a circle of which the 
radius is the distance in a straight line between the cribs. This is, as 
we have said, a good general rule for the purpose, though it is subject 
to variation according to the shape of the banks, depth and force of the 
current, and other circumstances. Against a very powerful current, or 
if the banks are low and not very substantial, the dam should have a 
greater curve up-stream than if the current is moderate, or the banks 
rocky and firm. 

The direction which the two walls of the dam are to take having thus 
been ascertained — the lower or up-stream tier of planks being parallel 
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with the higher tier — the planks are laid up so as to form a solid bar- 
rier across the stream, breaking joints, and each plank strongly pinned 
to those below it, and neatly fitted and jointed where they meet, and 
also where they come in contact with the crib. The hight of the front 
wall, in such a dam as that here illustrated, is about ten feet, that of 
the rear wall a little over five feet, and the distance between their cen- 
ters ten to twelve feet. The cribs, composed of two-inch planks, laid 
up in the same manner, have a partition dividing them in the middle 
as shown in the cut; and the front wall of the dam should abut against 
and connect with the end of this partition, as already described. The 
hight of the cribs will be determined by the the shape of the banks, in 
which they should be imbedded as firmly as possible, being surrounded 
on three sides by solid ground or substantial filling of gravel or stones. 

For the covering of the dam three-inch planks may oe employed, 
placed snugly together and solidly pinned to the two walls of plank on 
which they rest. 

The dam is filled between the walls, back of the rear wall and over 
the lower part of the covering, with earth, gravel or coarse stone; and 
the same material may be used to fill the two apartments of each crib. 

It will be manifest upon a moment's consideration, that the pressure 
of the water upon this dam will be like that of the superstructure of a 
building upon the arch on which it rests, tending to spread the arch 
outward. As it is held in this case by the crib at either end against 
which it abuts, it cannot spread out except by absolutely crushing the 
cribs or pushing them into the bank, neither of which events can hap- 
pen if the cribs are properly filled and backed up. We do not know of 
any arrangement comprising so small an amount of material and so 
simply constructed, by which a greater power of resistance is afforded. 

A dam may be built on this principle with still less material, by 
erecting but a single wall and letting the covering extend back from 
the top of this wall to the up-stream end of the dam; or the covering 
itself may be dispensed with, and the gravel and stone simply filled in 
against the single front wall, constructed as already described. This is 
the simplest and cheapest form in which the dam can be built. The 
cribs must be strongly put up, whatever may be the plan of the dam, as 
the pressure which would tend to spread the dam must in any case be 
resisted at this point. 

A dam of this description may have three Vails instead of two, in 
case it is desired to carry it to a greater hight than that here indicated. 
Another and more radical change of the plan is to exactly reverse the 
dam, making what is here the up-stream the down-stream side, the high 
wall being farthest up-stream and the lower walls below it. In this case 
the covering extends from the highest or rear wall to the foot of the 
dam down-stream, making it, in effect, a long inclined ai)ron. For this 
style of dam, a fill is made on the up-stream side of the high wall reach- 
ing about two-thirds the hight of the wall, and extending up-stream far 
enough to cover the upper ends of the foundation logs. These logs 
project down stream a short distance beyond the foot of the dam, and 
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ma^ be planked at this point, unless they are laid close together, in 
which case the planking will not be necessary. 

The pins used in securing the planks should be J of an inch square 
in a i-inch hole, where soft wood is used ; but in hard wood the pin 
should be somewhat smaller. 

For the covering of the dam, instead of using three-inch planks, a 
double covering may be made of two-inch planks, laid so as to break 
joints; or in place of either, what would be called among backwoods- 
men a "puncheon floor" maybe constructed; a log being sawed or split 
for this purpose into strips or slabs four or five inches thick, and these 
pieces scotched at the ends to an even thickness, where they are pinned 
to the two walls of the dam. 

One of the main advantages of this dam is the ease and rapidity with 
which it may be put up. A hundred men, if necessary, may be em- 
ployed upon it at once and the work thus carried forward at any speed 
which the circumstances may render desirable. 



CHAPTER XI. 



THE MOLINE DAM. 

One of the most extensive and liberally developed water-powers in 
the United States is that located at the town of Mo line, HI., situated on 
the east bank of the Mississippi River, immediately opposite the head 
of the island known as Bock Island, situated about 300 miles above St 
Louis and midwav between that city and St. Paul. The water-power 
lies between the Illinois shore and the island, and is near the foot of 
the upper rapids of the Mississippi— a succession of rapids or falls, ex- 
tending over twenty miles of the river channel, and having an aggre- 
gate decline of eighteen feet in that distance. The efifective head is 
secured by extending a wing wall from the point of the island, nearly 
three thousand feet in length, which, with the island and main shores, 
gives a water surface of several hundred acres. With this length of 
wall, a permanent head of seven feet is obtained, and the body of 
available water is so large that this gauge can scarcely be perceptibly 
decreased. 

An effort was made as early as the year 1843 to develop the power 
so manifestly and abundantly available at this point; and a rude dam 
was thrown across the channel and a mill operated with the force thus 
obtained. Although of slight importance in itself, this enterprise was 
the foundation of the immense development of manufacturing resources 
which has since been witnessed, inasmuch as it served to attract a con- 
siderable number of settlers to the locality, and in fact gave to the town 
the name it has since borne — the word Moline being a corruption of 
the French term Moulin, signifying a mill. Improvements were B,het- 
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ward made upon the power, and additional manufacturing estab- 
lishments erected upon it ; but the lack of sufficient capital for such 
expensive undertakings prevented the work from being carried on 
either so rapidly or on so large a scale as would have been otherwise 
attempted. In process of time* the power passed into the hands of a 
company, who held title in connection with it to some two hundred 
acres of land bordering on and adjacent to the river. 

At the close of the war the United States Government, which is pro- 
prietor of the island-of Rock Island, selected it as the site of a ^eat 
arsenal and armory for the manufacture and storage of war material. 
In order to avail itself of the Moline Water Power for running the im- 
mense amount of machineiy to be used in its workshops, the govern- 
ment; in August, 1867, while General Grant was acting Secretary of 
War, enteredinto a contract with the Water Power Company, by which 
the company ceded to the government their portion of the power, the 
government, on the other hand, binding itself to make certain specified 
improvements, develop the power at its own cost, and give the company 
a perpetual title to one-fourth of the whole, free from rent, repairs and 
expense of every kind whatever. The government also contracted to 
rent additional power to the company, at a fixed price. 

In pursuance of this contract, the necessary appropriations were made 
by Congress, and the work was begun forthwith. The old dam was torn 
out, the reservoir deepened, and the adjoining banks of the island raised 
and rip-rapped with rock. A wall of the heaviest Joliet rock was built 
longitudinally with the channel of the river, 2,400 feet in length, twenty 
feet in hight, eight feet wide at the base and sloping to four feet at top, 
with supporting buttresses of three feet at intervals of ten feet. This 
wall is a massive piece of masonry, set in the bed rock of the river, be- 
yond the power of flood or ice ever to disturb it. The adjoining bank, 
as already stated, was heavily rip-rapped to secure it against washing ; 
and all the work done by the government was of the most substantial 
character. Meanwhile the Water Power Company deepened the chan- 
nel for carrying off the tail water and put in a bulk-head ; and the man- 
ufacturers located on the Power set their wheels. The remaining work 
was an addition of 1,400 feet to the longitudinal wall, and the excava- 
tion of a canal across a projecting point of land 2,100 feet in length, to 
carry ofi^ the tail water and discharge it below the Power. 

In the first of the two engravings herewith presented, a general view 
is given of the dam and water power, and in the second a mil and accu- 
rate map of the same, showing the Water Power Dam, the Government 
Dam, the wing dam, the town of Moline, the factories, water-power lots 
and lines of railway, Rock Island, the Mississippi River and both its 
banks. By the aid of these illustrations the construction of this im- 
mense work will be clearly understood, and some idea of its magnitude 
will also be gained. 
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CHAPTER XII. 



A BOULDER WING DAM. 

There are numerous localities, especially in the Western States, 
where a water-power, of considerable' value may be obtained by divert- 
ing a portion of the current of a stream of too great width and volume 
for the erection of an ordinary dam, directing the water into the race, 
and making the latter of considerable length so that a fall of several 
feet may be produced, with an abundant and unfailing supply of water. 
In such cases, it has been found in practice a very expedient course to 
build what is called a Wing Dam, an example of which is presented in 
the accompanying engraving. This consists of a dam in two distinct 
sections, one on each side of the stream, and one section *considerably 
farther down stream than the other. The obvious purpose of this ar- 
rangement is to throw the current, by means of the upper wing of the 
dam, to the opposite side of the stream, where it encounters the other 
wing and a part of it passes into the race, the remainder escaping 
around the inner end of this portion of the dam. This, of course, does 
not constitute an economical appropriation of the full power of the 
water contained in the stream, and is only adapted to cases in which 
there is a plentiful supply of water. Another and very important use 
which this description' of dam is made to serve is that of forming a 
channel for navigation in streams which in their natural state are too 
shallow. An instance of this kind may be observed on the Mississippi 
river in the vicinity of Keokuk, Iowa, where a rapid occurs in the 
stream for a considerable distance, and the depth of water, without some 
artificial concentration, would be insufficient to allow a boat of any 
considerable draft to pass. A series of wing dams' or breakwaters has 
therefore been constructed at this point, alternating from bank to bank, 
and keeping the water in a comparatively narrow channel, of such depth 
as to admit of navigation. 

A wing dam is particularly adapted, or rather is most conveniently 
built, across a stream having a gravel or stone bottom, as its construc- 
tion renders it peculiarly liable to be undermined at the inner end of 
each wing. The distance to which the wings extend into the stream 
will be determined by the width and depth of the river, the strength of 
the current, and other attendant circumstances. ' In very wide and 
shallow streams where the current is not powerful the wings may lap 
beyond the point at which they would meet if started at directly op- 
posite points ; but in a deeper and swifter current this would not be ad- 
visable, as the water would be very apt to undermine the exposed ends 
or abutments of the wings. For the same reason it is a work of some- 
what difficult nature to build a dam of this kind upon a soft bottom, 
especially where quicksands occur; the great obstacle being the ten- 
dency of the current to wash out beneath the foundation of the cribs. 
This can only be obviated by driving down piles very thickly and to a 
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conaiderable depth, and attaching the timbers of the dam to them. 
T*lie extent to which the precautions of this nature must be carried will 
depend upon the character of the river bed and all the other conditions 
aboTe alluded to, which must be carefully considered and estimated in 
order that the structure may be made capable of resisting the attacks. 
-which will be made upon it. 

On a solid bottom, this description of dam may be built in the style 
«kiid of the material of any of those which have been illustrated in pre- 
ceding chapters, either logs, planks, crib-work, gravel or boulders being 
used, as may be found most economical or convenient. In our illus- 
tration a dam is shown, constructed of boulders with a crib abutment at 
the inner end of each wing. The process of building such a dam is 
veiy simple, an'd requires but brief explanation. The cribs are first to 
\>e laid, as great difficulty would be experienced in their construction if 
deferred until the other portions were finished, on account of the cur^ 
rent which would then have been created by the confinement of the 
stream. In building the cribs, logs ten or twelve inches in diameter 
and about twenty feet in length should be used, notched upon each 
other and firmly pinned together; and in some cases, even on a mod- 
erately firm bottom, it may be well to drive down piles at the corners of 
the cribs and pin the logs to them as stronj^ly as possible. Upon a rock 
bottom the foundation logs should be fastened down by means of 
anchor-bolts. The cribs are of triangular form, the point being up- 
stream ; and the^ are to be filled with coarse stone or gravel, or any 
material which is not liable to be washed out The boulders for the 
remaining part of each wing are then thrown in, a broad base being 
given to the dam to secure the requisite stability. The hight of the dam 
and cribs should be such as to bring them a few feet above low water 
mark. In time of flood, the water will of course pour over the whole 
structure. 

The construction of the race does not differ from that employed in 
connection with an ordinary dam, except that to obtain the necessary 
fall it requires to be carried an unusually lon^ distance below the point 
at which the water enters it. In ^ome localities the race is made a mile 
or more in length, the descent being so gradual that an effective head 
cannot otherwise be obtained. But notwiUistanding the apparent waste- 
fulness of this method of utilizing the power of a stream, it is often very 
profitably employed, and is indeed in many cases the only practicable 
means of turning to useful account the resources offered by a water 
course of great width and very gradual fall, or upon which, owing to its 
interference with navigation, a dam cannot be constructed. 

The length of race represented in our illustration is less than will 
usually be required with a dam of this description, the fall here shown 
in the stream being comparatively rapid. 
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CHAPTER XIII. 



A BRUSH, STONE AND GRAVEL DAM. 

It frequently happens that a dam is to be built in a locality where 
neither timber nor rock is extremely abundant, although both are to 
be had in moderate quantities without 'excessive cost ; and where the 
bed of the stream is such that any one of a dozen different methods 
may be followed in the erection of the dam, neither possessing any 
striking advantages over the rest. In such a case as this it is a matter 
of economy to the mill-owner to use all the different resources at his 
command without any disproportionate tax upon either; and by 
availing himself of all the favorable conditions presented, he can 
generafly make a strong and reliable dam without employing, to any 
great extent, the skilled labor of the carpenter. A dam of this 
composite character, including logs, brush, stone, gravel, sand, loam, 
and even clay in its materials, and depending upon its shape rather 
than on any peculiarity of construction for the necessary ourability, 
can in many places be made more cheaply than any which we have 
yet described. 

The engraving herewith presented gives a view, taken from nature, 
of a dam of the kind above referred to, the locality being on Mad 
River, in Clark County, Ohio, and the owners of the power Messrs. 
Snyder k Bro., proprietors of a flouring-mill and several other manu- 
facturing establishments. The bottom of the stream here shown is a 
mixture of mud, sand and gravel, with a low bank of black soil. In 
constructing the dam, the first step taken was to throw in large 
quantities of brushy which was piled up until it reached,. as it lay in 
its loose state, a height of ten feet or more. Boulders and coarse 
stone were then thrown in, crushing' down the brush, and toward the 
top of the dam finer rock and gravel were put in. The brush and 
stones, being thus piled and mixed together, had the effect to hold each 
other in place ; and it should be observed that the brush was of all 
sizes, trees and saplings, some of them forty feet in length, being laid 
in with the butts down stream. 

In topping off the dam, the rocks and gravel were thrown on so as 
to form a natural slope on the face or down-stream side. The dam 
was sa built as to form a curve, arching up stream, so as to throw the 
water passing over it toward the center and thus protect the banks 
from washing. The length of the dam here illustrated is about 100 
yards and the height about four feet, the stream being of considerable 
width and comparatively shallow. The crest of the dam is of course 
irregularly proportioned, but it has an average breadth of about six 
feet. 

Especial care must be taken in putting in the " filling " of a dam of 
this description — for which purpose gravel, sand and loam are used — 
to close up thoroughly all the spaces and apertures between the rocks 
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and among the brush and logs. If these are not completely filled, the 
water may find its way into the interior of the dam and it will be 
almost impossible to repair the mischief when discovered. If clay is 
used at all in filling, it must be in small quantity, and thoroughly 
mixed with the other materials, as it is the most unreliable of them all 
in resisting the inroads of the current. 

The base of a dam of this kind requires to be of considerable extent 
in order that it may be perfectly durable. A width of twenty-five feet 
from the foot of the upper to that of the lower slope will in ordinary 
cases be sufficient. It will be seen by the engraving that a dam of this 
sort becomes in process of time a permanent barrier to the current, 
apparently more the work of nature than of art, but none the less 
effectual in rendering available the power of the stream. 

Nearly all the dams on Mad River are of the same general descrip- 
tion as the one here represented, and have proved very durable, having 
stood the test of many years' use, and numerous floods of great violence. 
The locality shown in our sketch possesses peculiar historic interest, 
being within a few hundred yards of the birth-place of the celebrated 
Indian warrior, Tecumseh, the tragical end of whose career has formed 
the theme of much vivid description and supplied one of the most 
&miliar illustrations of the school geographies of the last generation. 



CHAPTER Jtir. 



CONSTRUCTION OF A DAM BETWEEN COFFERS. 

The necessity of a coffer dam to protect the permanent dam while 
in process of construction is sufficiently understood' by most persons; 
but the manner in which the work is undertaken and carried through 
is not so fully known. 

The coffer dam here represented is of the kind adapted to streams 
having a mud, clay or sandy bottom into which the piling can be 
driven. Where the stream has a rock bottom a different mode of 
procedure is called for, of which we have onlj space in this chapter to 
say that it requires in the first place the sinking of cribs filled with 
stone, at suitable distances apart, against which crib sills are laid and 
planks thrust down vertically on the outer side of the sills, against 
which they will be held by the pressure of the water ; or if the cribs 
are very close to each other, the planks may be put down horizontally, 
the water holding them against the cribs. For the coffer illustrated 
in our engraving, the first step is to drive down the piling, for which 
purpose flanks should be used eight or ten inches in width and two or 
three inches thick, according to the depth and resulting pressure of 
water. For each coffer — the one above and the other below the point 
where the dam is to be built — two rows of piling are driven down, from 
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two to four feet apart, and to a sufficient depth to give them strength 
and firmness, the requisite depth depending on the solidity of the 
bottom. Particular care must be taken in driving down the piling to 
keep the planks as close together as possible, so that any liability to 
leakage will be avoided. The space between the two rows of piling is 
filled in with any convenient material which will not wash out. Clay 
will answer the purpose, but soil or loam containing but little clay is 
to be preferred, and is still better if mixed with hay, straw or long 
manure next to the sides of the planks. The liability of clay to wash 
out has been alluded to in previous chapters, and where the other 
materials mentioned can be obtained it is advisable to use them. 
Previous to the filling, however, binders must be put in as shown in 
the cut, for which purpose four or six inch scantling may be used. The 
cross pieces, of the same material, are pinned to the binders and serve 
to hold the two rows of piling against the tendency of the filling to 
spread them apart. 

The distance between the upper and lower coffer will be in ordinary- 
cases from 50 to 200 feet, according to the width it is intended to give 
to the dam. It is important that plenty of room should be left between 
the coffer and the dam to admit of working and hauling in material 
from the shore side. If the coffer, owing to very strong pressure or 
some accidental imperfection in its construction,* is found liable to 
cave in, it may be braced on the inner side, the props extending from 
just beneath the binder to the ground; or the same object maybe 
accomplished by placing timbers across the entire width between the 
coffers (if the distance be not too great) above the top of the dam. 
. The coffers having been carried to the middle of the stream, they are 
to be connected at tne end by a structure of the same kind extending 
from o"ne coffer to the other, and thus leaving the current of the river 
to pass on the unobstructed side of the stream. Tlie construction 
of this end-coffer, which has its direction parallel with the stream, 
is in all essential respects the same as that of the upper and lower 
side-coffers. The next step, the entire coffer for this half of the dam 
having been completed, is to pump the water from the inside of the 
enclosure, which must be done with a steam engine and pump of 
suitable capacity. The first half of the dani is then put up to its 
propier height. This having been done, an additional ena-coffer is put 
in, within the enclosure, ten or fifteen feet from the mid-stream end of 
the dam, and parallel with the stream and the end-coffer previously 
erected. This extra coffer extends between and connects the two 
main upper and lower coffers, and unites at its middle with the dam, 
its connections with which must be perfectly tight. The upper and 
lower coffers, from the shore to the cross-coffer last constructed, ^tre 
now torn out, and similar coffers are built from the other side of the 
stream in the manner already^ described, connecting with the portions 
of the first coffers which remain standing. The end-coffer first built is 
now taken out, which leaves the enclosure on this side complete, with 
the dam projecting into it ten or fifteen feet. The water is now 
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pumped out of the new coffer and the remaining half of the dam is 
then built. 

The second coffer must be made somewhat higher than the first, as 
the water, w\iich is changed to the side of the stream from which it 
was turned by the first coffer, has now to pass over the dam, and will 
consequently rise to a greater height on the up-stream side. In the 
cut, a comparatively sluggish stream is shown, the water being at 
nearly the same height above and below the coffer ; but in a rapid 
stream, the water will be lower below the coffer, vid the down-stream 
side of the coffer need not therefore be made so high as the up-stream 
side. 

The dam having been completed in every respect, all the coffers 
which remain standing may either be taken out or left standing, as 
desired, and the work is done. 

In our illustration, a frame dam is shown in process of construction 
between the coffers ; but it is of course a matter depending upon the 
choice of the builder and the circumstances of the case what kind of a 
dam shall be erected. As the frame dam which we have chosen to' 
illustrate in this instance is of a somewhat different character from 
those represented in previous chapters, we will briefly describe its mode 
of construction. The sills of this dam are thirty feet in length and 12 
inches square. The bents, each one of which is composed of a sill, 
three upright timbers and two rafters, are placed at a distance of 10 or 
12 feet apart, and all the timber used in them should be of nearly the 
same width and thickness as the sills. The rafters and uprights aref 
strongly pinned to each other and to the sills. The ribs or stringers 
of the frame are 12 bv 8 or 10 inches, and are bolted to the rafters. 
The planks of which the covering of t'he dam is composed are 2 or 3 
inches in thickness and from 10 to 16 inches wide, and are spiked or 
pinned to the ribs. The joints of the planking should be made very 
close to prevent the dam from leaking; or what is still better, the 
planking may be made double, the upper course breaking joints with 
the lower ; in which case the planks need not be so thick. In the cut, 
a naiTOw apron is shown on the down-stream side of the dam, the 
planks of which extend inward under the covering, and are spiked, or 
pinned to sills beneath them running lengthwise of the dam. This 
apron may be made much wider if the flow of water and the nature of 
the stream render it desirable. The height of the dam in our illustra- 
tion is about ten feet. For the filling, gravel, small stones or boulders, 
mixed with soil, should be used. Upon a tolerably firm bottom tliis 
dam will be found very safe and durable, its broad base and the manner 
in which the water strikes and escapes from it being such as to give it 
a high degree of resisting power. 

I In taking down the coffers, it should be here remarked, the filling 
which has been used in them may be thrown on the up-stream side of 
the dam, where it will serve a very useful purpose in preventing the 
entrance of water and undermining of the structure. 
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CHAPTER Xr. 



STONE DAM NEAR FRANKFORT, KENTUCKY. 

The science of dam-building is a comprehensive one, the examples 
embraced in it ranging from the rudest and cheapest barrier which can 
be built of earth and stones, for a small mill, upon a shallow stream, 
up to the most extensive and costly structures, such as the Ousatonic 
and Moline dams illustrated in previous chapters. The engraving 
herewith presented gives a view of a dam which may be considered as 
belonging to the last mentioned class, inasmuch as it could be profit- 
ably built only where a large business is to be done and an ample 
amount of capital is invested. The massive and substantial character 
of this dam will strike the reader at a glance ; and it has, in fact, quite 
an imposing architectural effect with the two towers at its extremities 
and the heavy masonry extending from and connecting them. 

The stream on which this dam is built has a rock bottom, which is 
leveled down to receive the foundation stones. The stones in the 
main portion of the dam and in the towers are each about two feet 
thick, four or five feet wide, and from six to eight feet long. They are 
laid lengthwise with the dam, and are cut wedging or beveled at the 
ends so as to fit snugly to each other and form in a solid manner the 
curve of the dam, m the same way that the stones of an arch are 
shaped to correspond with the form of the structure. They are laid in 
hydraulic cement, or "water lime," the nature and use of which 
substance, the peculiar treatment demanded for stone-work thus put 
up, and other details of this part of the work, belong to the special 
province of the stone-mason and will be sufficiently understood by a 
competent workman at that trade. 

The face of the dam consists of one tier of stones of the size and 
built up in the manner above described, and the back or up-stream side 
is composed of loose flat stones laid up without much regularity, the 
work being finished by filling with earth and small stones, making a 
tolerably gradual slope on the up-stream side and giving the dam a 
wide and substantial base. The face of the dam, composed, of the 
solid tier of masonry, inclines slightly up-stream, varying but a foot or 
two from a perpendicular. 

The length of the dam here shown is about 300 feet between the 
towers. Its width at the base is 8 feet and at the top 5 feet, and its 
height about 12 feet. The towers are each 17 feet high, 18 feet square 
at the base, and 12 feet square at the top. The number of courses of 
stone in the main dam is six, the stones being, as already stated, two 
feet thick. i 

^ From the tower at the right of the picture a wing or continuation of 
the dam runs out, keeping the same general direction as the dam itself, 
its purpose being to keep the earth from washing out, the bank being 
common soil and very low on this side of the stream. On the other 
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■ide the bank is of sufficient height to require no protection of this 
kind. The dimensions of the wing wall are less than those of the main 
dam, as it has much less pressure to resist. From the same tower with 
wljich the wing wall connects, a side wall of somewhat greater ^dth 
and height extends up the stream, along the bank to the entrance of 
the race, protecting the bank from being overflowed or worn arwa,y bj 
the stream. A similar wall also extends a short distance above the 
race, and both sides of the race are in like manner strengthened 
against the action of the water, their walls being somewhat lower than 
those along the banks of the stream. At the entrance of the race are 
placed head-gates, which are not represented in our engraving. 

A tablet on the face of one of the towers bears the name of the 
owner of the dam, date of construction, etc. ^^- 

Our illustration gives a view of the dam by which the i)ower^ 'is 
furnished for the extensive flouring mill of Mr. Geo. B. Macklin, four 
miles from the city of Frankfort, Kentucky. The course of the stream 
at this point is such (making what may be called a " horse-shoe " bend) 
that by running the race n*om 200 to 300" yards a fall of 21 feet is 
obtained. The firm of James Leffel & Co. have put in three of their 
improved Double Turbine wheels in this mill, from which fact an idea 
may be formed of the amount of business it is designed to maintain, 
and which fully justifies the thorough and durable manner in which 
the dam has been constructed. The dam was completed about eleven 
years since, and is one of the most substantial structures of the kind 
to be found in the West or South. 



CHAPTER Xri, 



PILE AND BOULDER DAMS. 

A point of vital importance in the construction of a dam is to pro- 
vide against the effects of the overflow, which has a constant tendency 
to undermine the foundation of the dam by gradually washing out or 
wearing away the bed of the stream at the point where it strikes. This 
is in fact one of the chief difficulties to be taken into account in building 
a dam, and it is at this point, perhaps, as frequently as any other which 
can be named, that they prove to be defective. The working of the 
water in the manner described is often so gradual and insidious that its 
eflfect is unobserved until made apparent by the giving way of the 
foundation at one or more points, and this very probably at a season of 
high water, when even an attempt to repair the mischief is scarcely 
possible and is apt, if made, to prove ineffectual. The location of the 
breach, moreover, being at the very base of the dam, where the weight 
of the structure and the pressure of the water becLring upon it is chiefly 
felt, renders the task of making good a defect of this kind after it has 
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thus betrayed itself an exceedingly arduous one. In many instances it 
has been fonnd impossible to perform the work successfully, and the 
loss and entire rebuilding of the dam has proved the necessary conse- 
quence of the neglect to make it in the first place secure against this 
particular danger. In this matter, as in a thousand others, experience 
has repeatedly shown that an ounce of prevention is worth a pound of 
curer A due regard beforehand for the known conditions of the case, 
and the well understood action of water in flowing over a dam, will save 
many hundreds of dollars in subsequent repairs and rebuilding, as well 
as in the incidental losses which attend a breakdown of this kind. 

The methods of construction adopted to prevent this destructive ac- 
tion of the water are various, and some of them have already been illus- 
trated in this volume. In some cases the horizontal apron projecting 
from the foot of the dam down stream is found sufficient ; while in 
others an apron is made forming a gradual inclined plane from the 
crest of the dam to a point some distance down stream, thus permitting 
the water to escape in a swift current instead of a heavy perpendicular 
fall. This is an excellent method of breaking its force, provided the 
inclined plane is itself strongly constructed with a firm foundation and 
with no liability to leakage. 

We illustrate in the engraving here presented two forms of construc- 
tion for a dam by which the prevention of injury by underwash is 
effectually attained. A glance at either of the two figures in the cut 
will show that there is scarcely any possibility of the water wearing 
either downward in the bed of the stream or backward under the foun- 
dations. Both these methods of construction partake of the nature of 
the inclined plane, it being so modified in the second as to constitute a 
series of steps by which the force of the water is broken and it is car- 
ried in successive easy stages from the top to the bottom. The strength 
of the materials used and of the method in which they are employed 
will also be observed. In Figure 1 an open frame of timber is repre- 
sented, into which are inserted large boulder stones, forming a compact 
mass of boulder sheeting resting on gravel, and nearly impervious to 
water. The timbers here used should be large, say a foot square, and 
firmly pinned together. The hight of the dam in Figure 1 is about 
eight feet, and^ the bents, each consisting, as shown, of the three up- 
rights, the inclined rafter and the intermediate brace, should be placed 
at intervals of six or eight feet along the face of the dam. A stringer 
is bolted to the top of the second upright, under the rafter, as shown in 
the cut, and one end of the brace is let into this stringer, the other end 
being pinned to the highest upright. At the top of this upright, 
also, will be seen a heavy stringer bolted on each side in such a way as 
to form a level surface at the crest of the dam and protect the structure 
at that point. In addition to the brace shown in the engraving others 
maybe put in in a similar manner, giving additional strength to the 
framework. 

In Figure 2, the same principle of construction will be observed, with 
modifications suited to a region where timber is plentiful. This 
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structure is composed of piles driven at right angles with the direction 
of the stream and placed in rows, properly stayed and covered with 
planking firmly nailed to the horizontal and vertical timbers. If it is 
desired to have the structure perfectly water-tight, a line of sheet piling 
may be driven in, in the line of the dam across the whole breadth of 
the stream, and this being again supported by foot piles and stays at 
different distances, a tight and very durable dam is the result. The 
vrater falls in cascades over the series of steps, and any injurious effect 
on the foundations is prevented. The method in which the horizontal 
timbers are pinned to the uprights and the stringers bolted to the top 
of each upright will be readily understood by a glance at the cut. The 
timbers in this dam need not be so large as in Figure 1, six or eight 
inches square being amply sufficient. The bents in this, as in the other 
dam, may be put in at intervals of six or eight feet. 

The construction of both these dams, aside from the framework, is 
very simple, and presents a safe and substantial resistance to the 
pressure of the water. The rip-rap of the embankment on the upper 
side may be carried farther, if desired, than is shown in the cut ; and 
the proportions and extent of the layers of boulders may be varied in 
any direction according to the judgment of the builder and the circum- 
stances of the case. 



CHAPTER XVII. 



STONE DAMS. 

Whatever may be said in favor of other descriptions of dams, whether 
they be frame, crib, log, pile, earth, brush or iron dams, it must still be 
admitted that stone is on many accounts the most suitable material for 
a barrier against the pressure of water, and the one which will naturally 
be selected where the circumstances do not make it too costly, or where 
the object in view cannot be as effectually accomplished by more con- 
venient methods. Stone possesses more of the qualities which are val- 
uable in a dam than any other substance. Its weight, though it renders 
the work of building more arduous, is a source of strength when it is 
once in position, such as can hardly be given to any other material; it 
is subject to neither rot nor rust, and unless undermined or caved, in 
consequence of the weakness of some other part of the structure, it is 
not liable to yield to any of the ordinary forces which a dam is intended 
to resist When properly guarded from the gradual inroads of the water 
through apertures or crevices, or in the form of underwash by which 
the foundations are sapped, a stone dam is aa immovable bulwark and 
will withstand the heaviest freshets, saving in the long run, in inany 
cases, by the avoidance of any outlay for repairs, many times the differ- 
eoce between its cost and that of cheaper but less reliable structures, < 



We illustrate in this chapter two different forms of a stone dam, both 
of which have the attributes of strength and permanency, the choice 
between them depending on the character of the stream and the means 
of the builder. Figure 1 is a sectional view of a dam constructed in 
England by the celebrated engineer Smeaton. It has, as will be seen, 
a long inclined' slope on each side, above and below, and the extent of 
base in. proportion to the hight is such as to contribute immensely to 
the stability of the dam. At the crest of the dam and inclined down- 
ward, will be observed the ends of two courses of flag stones, which are 
so laid as to break joints, footed upon grooved sheet piling with bearing 
piles and stringer, and supported bv a thick and wide layer of "rubble 
or small boulders underneath the nags. Live moss is packed between 
the flag stones to prevent the silt being driven through. At the foot 
of the dam is another row of sheet piling, similarly supported, and pro- 
tected by a fir plank at top from the action of the water. Over the 
layer of rubble is placed a row of regular stones, laid endwise and lean- 
ing, so as to be perfectly secure from derangement by floods. In the 
up-stream direction from the crest of the dam is also placed a layer of 
rubble with a tier of flat stones above it and at the up-stream end of the 
dam is a single course of large flags reaching from the surface to the 
base of the dam and held down by a filling of small stones. A dam of 
this kind is adapted to a stream having a soft bottom either of loam or 
clay; but if there is a sandy bottom the piles must be driven to such 
depth as yriW give them a firm hold, and special care must be taken to 
guard against underwash at the foot' or down-stream extremity of the 
dam. 

In Figure 2 is shown a dam built upon a somewhat different princi- 
ple, composed of solid masonry instead of rubble and flags, and having 
a curved or concave apron instead of a gradual slope on the down- 
stream side. On the up-stream side the construction is very similar to 
that of the dam in Figure 1, except that stones of more regular shape 
are used ; and in all parts of this dam reliance is placed upon heavy 
and compact stonework instead of piling. The water has at first a 
nearly perpendicular fall, but is carried away in such a manner b^ the 
curve of the apron as to entirely lose the direction which would give it 
an injurious effect upon the foundation. The construction of this dam 
throughout is so distinctly shown by the sectional view here given that 
it requires no further explanation. 

An English writer on the subject of the construction of dams remarks 
that "rapid rising of the waters and sudden changes in the state of the 
river are too often neglected, with disastrous consequences to works of 
this kind, just on the eve of completion, or to the lands above the dam 
in consequence of flooding caused by the obstruction of the dam. In 
cases where this last danger is apprehended, a self-acting dam Jias some- 
times been employed, consisting of a massive frame of planks carried 
across the river and attached by hinges to the crest of the dam. This 
plank is maintained in a Vertical position in ordinary conditions of 
flow by balance weights attached or hung over wheels upon the winit _ 
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walls, 80 as to retain the maximum desirable head of water. In floods, 
the increased pressure of the overflowing water overcomes the balance 
weights and throws down the plank into a horizontal position, opening 
a free passage for the water." 

We have given, in preceding chapters of this work, a large number of 
plans for the construction of dams, applicable to the different situa- 
tions and conditions which are likely to occur, and based upon general 
experience and the essential principles which are to be kept in view in 
an undertaking of this kind. The remaining chapters will be chiefly 
devoted to the illustration and description of dams which have actually 
been built in different localities in our country. This method, while it 
may give less scope for original suggestions and the discussion of use- 
ful theories bearing upon our subject, will give our readers an eminently 
practical view of the extent of some note-worthy enterprises of this 
class, and the minor details involved in their prosecution. 



CHAPTER Xrill, 



DAM AT LAWRENCE, KANSAS. 

The engraving herewith presented is one of a series executed by our 
artist from the original plans of a dam across the Kansas River at Law- 
rence, Kansas, constituting a work of such magnitude and possessing 
such a degree of practical interest that we deem it worthy of minute 
description and illustration. The Kansas river is about five hundred 
miles in length, and drains upwards of fifty thousand square miles of 
land west of Lawrence. The minimum flow of water at Lawrence is 
about three hundred thousand cubic feet per minute, and has an aver- 
age declension of about three and one-half feet to the mile. The water 
having a rapid flow, the river rises slowly in times of excessive rains, 
and reaches but moderate hights ; the greatest rise within a period of 
four years being only six feet; and the water did not remain at that 
hight more than twelve hours. 

The dam is intended to raise the water eight feet; though it has been 
built with a base sufficient to carry a dam ten feet in hight, whenever 
it may become necessary ; and the river banks are sufficiently high to 
prevent overflow. The average width of the river is about six hundred 
feet. The length of the dam, including head-gates, piers and abut- 
ment, is seven hundred feet. The river bed, for three-fifths of the dis- 
tance across from the south bank, is solid rock bottom; the remainder, 
to the opposite bank, being composed of coarse sand and gravel with 
occasional strata of blue clay, the first of which occurs at eight feet 
from the surface of low water. The dam is provided with two canals, 
one on each side of the river. The canal on the south side is sixty feet 
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in width, and that on the north side fi^y feet, both to be provided with 
suitable head and tail gates. 

Our present illustration shows only the ground plan or map of the 
Lawrence dam, including also a portion of the stream and the vicinit 
on both sides of the river. The location and relative position of a 
parts of the structure are clearly shown, as are also the water-power 
lots, the bridge above the dam and those across the two fitce ways, the 
railroad passing the whole length of the water-power tract on the south 
side of the river, the location of several streets on each side, and that of 
the Flouring Mill on the north and the city Water Works on the south 
bank. The Water Works are to be operated with power obtained by 
means of the dam, the contract with the city stipulating that for a fixed 
sum it shall be entitled to use sufficient power to raise two million gal- 
lons of water one hundred and fifty feet high every twenty-four hours. 
This is but an insignificant fraction of the aggregate power which the 
dam will furnish, the total amount to be afforded according to the orig- 
inal plans being estimated at 2,500 horse-power; and by the increase in 
hight which can be made, as already stated, from 1,000 to 1,600 addi- 
tional horse-power will be secured. 

We reserve for our next chapter the details of construction of the 
dam, which will be fully illustrated, showing the thoroughness and in- 
telligent skill with which the enterprise was conducted, and the reliable 
character of the structure as regards the vital qualities of strength and 
durability. The work was carried on by Mr. Orlando Darling, of Law- 
rence, a civil engineer by profession, and a man of rare energy and 
practical judgment. We are indebted to the courtesy of Mr. Darling 
for material both for this article and for our illustrations. 



be 



CHAPTER XIX. 



DAM AT LAWRENCE, KANSAS.— (Cbn^fnued) 

The river at Lawrence, as stated in our former chapter, .has a rock 
bottom for a distance from the south bank of three-fifths of the width of 
the stream, the remaining two-fifths, on the north side, being chiefly 
sand and gravel. That portion of the dam which rests on rock bottom 
is 315 feet in length from the inside of the head-gate pier of the south 
gateway, and is to be built of cut stone of large dimensions, thoroughly 
cemented. We present in the accompanying engraving this portion of 
the dam, with the head gateway and canal on the south or Lawrence 
side of the river, showing also the city water-works, and the railroad in 
close proximity, as has already been indicated in the plan. The dam 
is represented as if cut in two a short distance from the head-gate pier, 
in o«ier that its internal construction may be clearly seen. The north 
portion of the dam, resting on the sand and gravel bottom, does not 
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appear in this cut, but will be fully illustrated in our next chapter. 

The base of the rock dam is twenty-one feet, the whole width on top 
tcf be covered by one stone eight feet in length, with its upper corner 
beveled off one foot, leaving a flat surface on top of seven feet. The 
sides of the dam present angles of forty-five degrees with the base, and 
the water falls in cascades over the series of steps, any injurious eflFect 
on the foundation being thus prevented. The sides of the dam are 
composed of stones of not less than six feet in length and eighteen 
inches in thickness, laid in transversely op crosswise of the dam, the 
center being filled with concrete. The dam, as has already been 
stated, is intended to raise the water eight feet, but has sufiicient base 
to carry a dam ten feet in hight if found desirable. The manner in 
which this portion of it is constructed is so clearly shown in the cut 
that with the aid of the brief explanation we have given it will be fully 
comprehended by the reader. 

The head-gate way and canal on the south side, here represented, rest 
on solid rock, it first being excavated to below low water mark, and 
the water from the wheels being discharged through the arch-ways in 
the inside wall into the river below the dam. The floor of this canal 
will be hereafter described. 

The stones for the masonry are all procured from a remarkable 
quarry of very durable stone, situated in Jefferson county, on the line 
of the Kansas Pacific Railway, ten miles west of Lawrence. From this 
quarry an unlimited amount of stone, in square blocks exactly eighteen 
inches in thickness and of any length and width desirable, may be pro- 
cured. The two canals in connection with the dam are about one-half 
mile in length, arid the Water Power Company owns and controls all 
the lands lying upon the canals, for their entire length. The watei^ 
power lots are from 150 to 450 feet in length, lying in the center -of 
Lawrence. The railroad track on the south side of the river, which is 
shown -in the cut, is about ten feet higher than the top of the outside or 
bank wall of the canal, which is eighteen feet high, above low water. 
The inside Or river wall, below the piers, is nine feet high, being only 
two feet higher than the dam, and will serve as an overfall for the water 
in time of flood. 

The construction of that part of the dam resting on the sand and 
gravel bottom will be described and illustrated in our next chapter, to- 
gether with some additional particulars in reference to the canals and 
head-gateways. This remaining portion of the dam comprises 210 feet 
of the distance across the stream, inside of the head-gate piers, having 
but about two-thirds the length of the part built on the rock bottom ; 
but its construction presents more difficult problems in engineering, 
and more interesting features as regards the selection of materials and 
their employment in such a manner as to secure the requisite strength 
and solidity, than any part of the work thus far described. A rock bot- 
tom gives a natural foothold for the superstructure of a dam which 
greatly simplifies the task of the builder ; but upon a soft bottom his 
ingenuity and fertility of resource are called largely into exercise. 
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DAM AT LAWEENCE, KANSAS.— (Cbn«nw€(£.) 

We give in this chapter our third and concluding descriptive article 
and illustration of the dam at Lawrence, Kansas. In our first engrav- 
ing the ground plan of the entire dam and both banks of the river were 
shown ; in our second the position of the dam resting on rock bottom, 
extending from the south bank 315 feet or about three-fifths of the width 
of the stream, including also the canal on the south side, the head gate- 
ways and the water-works building ; and in the illustration here given 
we represent the remaining part of the dam, resting on a bottom of 
sand and gravel, and extending 210 feet, from the north bank to the 
end of the rock bottom portion, with which it connects. The canal on 
the north side and the head gateways are also shown ; and the con- 
struction throughout is so clearly delineated in the cut that with the 
aid of the following description it will be easily understood, and the 
reader enabled to appreciate the care and thoroughness with which the 
work has been conducted. 

The portion of the dam here illustrated is of the kind known as a 
frame or crib dam, and rests on a foundation of trees and rock. The 
bed of the stream is first reduced to a uniform depth of about five feet 
for a space of eighty feet up and down the stream. This being done, a 
tree foundation is placed in the river, composed of trees from sixty to 
' eighty feet in length, with the limbs entire and the tops up stream. The 
trees are laid as close together as possible and fastened together at each 
end, the trunks touching each other as they rest in the foundation, and 
the tops interlocked so as to form a solid mat of brush. The whole 
constitutes a close platform, and is sunk to the bottom with small rub- 
ble stone. Five of these courses or platforms, each constructed as 
above described, are laid down to complete the foundation, and each 
succeeding course is drawn five feet up the river, as will be seen by the 
appearance of the butts of the trees in the cut. As each course or plat- 
form, or part of a platform, is sunk, it is thoroughly weighted, and all 
interstices in the brush or between the trunks are carefully filled with 
rubble, so as to form a solid concrete. The frame consists of eight 
platforms of timber, composed of two main sills 12x14 inches, laid flat- 
wise, halved together where the ends join, and bolted with drift bolts of 
inch iron. The main sills are held in place by means of cross-ties 8x8 
inches; the ends of which are dovetailed into the sills. The ties are put 
in at intervals of eight feet, and spiked to the sills with f-inch drift 
bolts. The first platform, forming the base of the dam, is twenty-four 
feet wide from out to out, and is gained into the upper platform of trees 
so as to receive a uniform and level bearing, and each succeeding 
course is thoroughly secured with iron bolts to the course below, re- 
ceding on each side one foot. The breasts of the dam are thus given a 
slope of 45 degrees, and the top is finished with a level surface ei ght 
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feet in width. An open platform twelve feet in width is also firmly at- 
tached to the lower sill of the upper slope of the dam, which practically 
makes the base of the structure thirty-six feet in width. As each plat- 
form is laid and adjusted, it is carefully filled with rubble rock of large 
size, all interstices being packed with spawls so as to form a solid body. 

The frame being completed and filled with rock as above described, 
ihe outer corners of the sills are trimmed oflT so as to present a bearing 
surface of four inches, and the whole is covered with plank 2 J inches 
in thickness, placed in line with the current of the stream, and firmly 
spiked on with six-inch boat spikes. The dam having been built arid 
completed in sections, as each section is planked over, a protection is 
placed on the up-stream side, extending thirty feet up the river, having 
a thickness of fully four feet on the open platform, and extending at 
least half way to the top of the dam on the upper slope. This protec- 
tion is composed of large stones, all the interstices being filled with 
spawls. After a row of tongued and grooved sheet piling has been 
driven at the lower ends of the tree foundation, a large amount of rub- 
ble rock is placed upon the lower ends of the logs and In the bed of 
the river below- The plan contemplates the use of 10,000 yards of rub- 
ble stone, which is quarried out of the south bank of the river, immedi- 
ately below the dam. 

The head gateway and canal on the north side, which are represented 
in the engraving, rest on ten rows of piling driven closely together, up 
and down the river. The piles, after being sawed oflT two feet below low 
water mark, are capped by timbers 10x16 inches, laid flatwise, upon 
which is laid a close floor of ten-inch timbers; and this timber floor is 
covered with a floor of three-inch planks, laid in line with the stream 
and firmly spiked down with six-inch boat-spikes. On this platform the 
masonry is laid, each pier resting on three rows of piling driven twenty- 
five feet to the bed rock. Sheet piling is driven to the clay, from the 
bank in front of the head-gates, and along the base of the inside pier 
to the lower end of the tree foundation, thence under the canal to the 
river bank, and along the bank outside of the round piling, to prevent 
any washing of the bank by the discharge of the water from the water- 
wheels. Sheet piling is also driven along the lower ends of the tree 
foundation to the intersection of the rock bottom. 

The canal below the tree foundation is constructed the same as im- 
mediately below the head-gates, excepting that the sand and gravel is 
washed out from among the piling to a depth of about five feet, and then 
rip-rapped thoroughly with stone to prevent any further washing. 
Water-wheels may be located on either side of this canal by merely 
cutting a hole in the floor to receive the tube of the wheel, and the 
water is discharged under the canal into the channel of the river below 
the dam. The outside or bank walls below the piers are six feet thick 
at the base, battered on the outside to three feet on top, are eighteen 
feet high above low water, and will serve as a foundation for buildings 
their entire length, as power can be taken at any point along the canals. 
The piers in which the head-gates are placed are six feet thick, without 
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batter on either side, by eighteen feet in hight. The inside or river 
walls are six feet thick without batter; and, as already stated, are nine 
feet hieh, being only two feet higher than the dam, and thus serving in 
timB' of flood as an overfall for the water. 

The head-gate piers or walls on the south side of the stream are sim- 
ilar in construction to those above described, except that they have a 
foundation of solid rock instead of resting upon piles. The floor of the 
south canal is also the same in general construction as that of the north 
canal, e'xcept as regards the foundation, the posts or piers supporting it 
being placed on the excavated rock bottom of the canal. The manner 
in which the water is discharged from the wheels has been folly illus- 
trated, archways being provided for its escape from the south canal, 
while from the north canal here shown it has free passage outward both 
at the lower end and at the side, between the piles by which the flooring 
is supported. 

The account given of the Lawrence Dam, in the present and the two 
preceding chapters, was prepared in February, 1873; a fact which the 
reader should bear in mind in comparing the particulars here stated 
with the alterations or additions since made. 



CHAPTER XXI, 



DAM ON THE TASSOO RIVER, HINDOSTAN. 

The utilization of water power for manufacturing purposes is the 
ordinary, in fact the almost universal object of the construction of a 
dam ; and it has been with reference to this leading purpose that our 
illustrations thus far have been designed. There are, however, other 
useful ends for which a substantial and durable dam is sometimes 
requisite ; and among these is the provision of the necessary supply of 
water for the daily use of the inhabitants of a large city. Structures 
of this kind and for the object indicated are to be found in various 
localities in our own country ; but the one we have chosen for our 
present illustration belongs to a remote quarter of the globe and is 
the work of a foreign nationality ; and it may possess the greater inteiv 
est to many of our readers from the fact of its distance and noveltj, as 
well as its great magnitud*e and the special necessity which it is to 
meet — that of furnishing to the people of Bombay, one of the largest 
cities of Hindostan, an abundant and unfailing supply of water. 

The city and island of Bombay, which have neanv 800,000 inhabi- 
tants, are supplied with water from Vehar, an artificial lake in the hills 
of the neighboring island of Salsette. The Vehar reservoir, which was 
constructed by the Government of Bombay about twenty years ago, 
was ceded to the municipality of Bombay in 1863. It is nearly sixteen 
miles from Bombay Cathedral and has hitherto amply supplied the 
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wants of the island; but the rainfall of 1871 bein^ very small, the lake, 
at the end of the " monsoon," (the periodical .wind which blows half 
the year in one direction and the other half in the opposite, and which 
in the Indian Ocean blows from the southwest from April to October, 
bringing heavy rains, after which it changes to the northeast for the 
rest of the year) was nearly ten feet lower than usual. Attention was 
thus drawn to the possibility of a short rainfall in the ensuing year, 
1872, from which a deficiency of water would result, with all its 
consequent evils. To prevent so great a -calamity it was decided by 
the municipalijhr to maKe a new lake at Toolsi, to supplement Vehar. 
The valley of Toolsi is 112 feet above the top of the Vehar lake, and 
is divided from it by only a slight ridge of hills. Hitherto the waters 
flowing from the hills into the Toolsi valley have found their exit by 
the river Tassoo, the source of which is at the end of the valley opposite 
to the ridge dividing it from Vehar, whence it flows past Kennery to 
the sea. By damming up the source of the Tassoo, the water, is 
impounded in the Toolsi valley, and by tunnelling through the ridge 
between Toolsi and Vehar, a passage is made for it into the latter lake. 
Of course the supply of water into Vehar from Toolsi can be controlled, 
and if not wanted can be kept impounded in Toolsi lake till it is 
required, any surplus flowing over the dam across the Tassoo, and 
escaping by the old route. The view given in our illustration is of the 
dam across the Tassoo, as it now appears, 30 feet high, with the water 
overflowing. This view shows but a very small portion of the intended 
lake, the greater part of which lies behind the low ridge stretching 
across the picture. It is intended to raise the dam to a height of 74 
feet. The lake, which is but an auxiliary supply, has an area of 300 
acres of water, containing 1,451,000,000 gallons (besides as much of 
the available rainfall of Toolsi as can be turned into and stored in the 
Vehar lake). All this water, except a few gallons, can be made,~by 
opening the penstock in the tunnel in the ridge dividing Toolsi from 
Vehar, to flow into the latter lake, and thence through the main to 
Bombay. Vehar, when full, covers an area of about 1,400 acres, and 
has 2,550 acres of gathering ground, and contains 10,650,000,000 
gallons, giving a daily supply of ten gallons a head, and Toolsi will 
increase it by 4 J gallons per head. This additional cheap water supply, 
which will probably last Bombay for twenty or thirty years, is expected 
to cost only four lacs of rupees, a sum equal to about $220,000 in United 
States currency. ^ - 

The construction of the dfftn is not shown in detail in our engravinig, 
but a sufficient portion of the structure is visible to give a very clear 
idea of the plan upon which it is built. The main feature of the work 
is the broad and solid wall of masonry, of which most of the lower 6r 
down-stream face is shown. The up-stream face of this wall is covered 
and protected by strong piers of timber, between which are upright 
planks, closely fitted and strongly secured ; the top of this part of the 
dam being finished with horizontal stretchers extending between the 
piers. Midway of the stream a space is provided for the overflow of 
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the surplus water, wkich afterwards falls over the stone work of the 
dam into the chasm below. On the up-stream side of the timber face 
of the dam is a filling of stone and gravel sufficient to protect the 
timbers and the foundation from undermining or leakage. 

These extensive and admirably constructed works were designed and 
carried out by Mr. Eienzi Walton, an associate member of the Institute 
of Civil Engineers, and the acting executive engineer of the muni< 
cipality of Bombay. 



CHAPTER XXII, 



LOCK AND DAM AT HENRY, ILL. 

We have described in preceding chapters the construction of dams 
for the utilization of water power, for the measurement of streams, and 
for the provision of a supply of water for the use of the inhabitants of 
a populous city. We now give illustrations and a general descriptive 
sketch of a dam, the object of which is to improve the navigation of 
one of our Western rivers and afford, eventually, a channel of traffic 
between the lakes and the Gulf of Mexico, which will be of immense 
value to the people of our great grain growing States. The most 
urgent need of the agricultural population of theldississippi /ind Ohio 
valleys is cheap transportation for their products, by which the value 
of their wheat and corn shall not be wholly absorbed by the charges 
paid in getting it to a good market. As the case stands, the railroads 
do not afford this indispensable means of conveyance at a reasonable 
cost; and without discussing the question where the fault, if any exists, 
is to be found, we may safely say that no greater blessing^ could be 
bestowed upon the people of the West than direct communication by 
water with the great centers of commerce. 

With a view to securing this most desirable end, the State of Illinois 
has undertaken to improve the Illinois river so as to make it navigable 
for the largest class of steamers that traverse the Mississippi river at all 
navigable seasons of the yeat, from the mouth of the Illinois up to 
Lasalle, the point where the Illinois and Michigan canal enters, 100 
miles southwest from Chicago. The distance thus comprised is 230 
miles. The improvement is effected by the construction of locks 
and dams, thus forming a slack water navigation. The locks are 350 
feet long between the gates, and 75 feet in width, and the dams are 
raised so as to make a uniform depth of 7 feet of water for the entire 
distance at all seasons. Formerly, during low water, there was less than 
three feet of water on many of the bars in the river, and on one only 16 
inches. 

For the entire improvement, from Lasalle to the mouth of the 
Illinois river, five locks and dams are required, the total cost of 
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which is estimated at $2,200,000, being less tlisn |10,OOO per mile for 
the 230 milea compriae*! in the work ; and this cert^nly appears a 
moderate expenditQre for the facilities of transportation thus to 
be secured. One lock and dam was finished some time since, at a coat 
of $400,000. This ia the work illastraled in our engravings, its location 
bein^ at the town of Henry, 28 miles below Lasalle and 32 above 
Peona, the second largest city in the State. The lock ia on the north 
side of the center of the river. The dam connects with an ontside 
protection wall, about 100 feet above the upper gates, and a short 
distance above the bridge erected not loog since at this point; and 
joins the south bank midway between the bridge and the mouth of 
Sandy Creek. 

The two smaller engravings of the three which we here present, give 
front and sectional views of tbe dam, the top of one of which may alao 
be seen at the right of the larger cut. The dam ia built of timber cribs 
filled with loose stones. It is 35 feet wide, 11 feet Jiigb, and 640 feet 
long, and is raiaed 6 feet above low-water mark. On the upper aide of 
the crib-work sheet-piling is driven into the bed of the river to a depth 
of about fi feet, and on t£e lower side piles 12 inches square are driven 
clgae together, 10 feet into the bottom of the river. Twenty feet of the 
width of the dam has a coping of timber, sloping up atream, S inchea 
thick at one end and 4 at the other. There are two drops of 3 feet 
each on the lower side, with solid timber aprons twelve inches thick, 
and 7} and 8j feet width on which the water falls. Below the lower 
apron and the sqnare piles, stone and brush are extended 20 feet on 
the river bed, and above the dam for 50 feet it is filled In with brush 
and gravel, tapering over on to the upper slope of the timber coping. 
The dam is securely bolted at every crosaing of timber, and there were 
used in its construction more than 20,000 lbs. of wrought^ron bolts, 
generally i inches square and 14 to 22 inches long. 




In oar illustrations. Fig. 2 gives a sectional view of the dam, showing 
distinctly all the parts as above described. In Fig. 3 ia given a tront 
view of me dam such as would be obtMned by standing midway in the 
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Stream below the dam and looking np stream. 6^ comparison of tlie 
two figures, the different parts will be readily identified. 

The lock is built entirely in the bed of the river. In commencing 
the work an area of a little over seven acres was inclosed by a coffer-dam 
substantially built of piles with cap timbers, and of sheet piling driven 
outside from 6 to 10 feet into the bed of the river, and protected with 
gravel on the outside of the piling from the bottom of the river, with 
a suitable outside slope. The water, which averaged only four feet in 
depth over the whole area at low water, was removed by a rotary clam- 
shell pump, with an iron delivery pipe 9 inches in diameter, and driven 
by a 15 horse-power steam-engine. The area of pit to be excavated 
for the foundation of the lock was 485 by 115 feet, and averaged 6 feet 
deep, requiring the removal of 13,000 cubic yards of earth. Afler the 
excavation was made, 3,200 bearing piles oi hard wood, from 12 to 25 
feet long and 12 inches in diameter at the large end, were driven over 
the bottom. On these piles eleven rows of square timbers, 12 by 12 
inches, were placed longitudinally, each row extending 477 feet, and 
secured to the piles with bolts 22 inches long and f inches square. 
On these timbers cross timbers 12 inches square were placed 6 inches 
apart, covering two-thirds of the whole area, and bolted to the piles and 
the longitudinal timbers at every crossing with bolts f inches square. 
All the spaces from the top of tne cross timbers to 3 inches below the 
bottom of the longitudinal timbers — a depth of 27 inches — were filled 
with concrete. The whole of this foundation was covered with 2 J inch 
planking secured to the timbers. 

On this substantial foundation the side walls of the lock were com- 
menced, extending 476 feet on each side, with a mitre sill wall under 
the upper cates, and a breast wall at the head uniting with both side 
walls, whicn are 73 feet apart at foundations through the lock chamber. 
For 176 feet from the head of the lock the walls are 30 feet high, and 
for the remaining 300 feet 24 feet high ; the upper end of the lock 
being 6 feet higher than the lower end, on account of the extreme 
depth of the water in time of floods. The main walls of the lock, 
where the height is 30 feet, are 11 f feet thick, while those 24 feet high 
are lOf feet thick at the foundation. The breast wall is from 7 to 8 
feet thick and 7 feet, 8 inches high. The mitre sill wall is of -the same 
height, and from 10 to 15 feet thick; and in this wall are eight arched 
culverts 5 J feet wide and 3\ feet high, through which water is admitted 
into the lock. Below the lower gates the main walls extend 20 feet, 
with wing walls 40 feet long on both sides, flaring 10 feet each at the 
lower end. The water is discharged from the lock through semi-circular 
arched culverts 5 feet wide, with abutments 6 feet high, and connected 
at the top with an arch of 2 J feet radius. The masonry is composed 
of magnesium limestone and is very substantially put up, laid in the 
best quality of hydraulic cement mortar ; and amounts in all to 10,328 
cubic yards. The entrance to the lock is formed by heavy rubl3le walls 
extending up froia the head of the lock on each side. On the north 
or shore side it turns with a curve towards the shore, and joins a slope 



LOCK AJUB DiM AT EENKT, ILUNOIS. 73 

wall protecdoD to a guard bank, whicli extends 3I>0 feet to connect the 
lock bank with the shore. On the south, or river side, this wall extends 
100 feet, flaring out from the line of lock walla; then, forming a circular 
pier-he^ of S feet radius, it extends dova parallel with the lock walls 
(the faces of the two walls being 50 feet afurt at bottom) to 100 feet 
below the end of the lock, where it forms a pier-head similar to the one 
at the npper end, and retarng to join the wing wall of the lock. The 
entire length of this wall is 900 feet on the river side, forming the 
abatment to the dam and the river protection to the lock. It is from 
20 to 29 feet high, 7 to 8 feet thick at bottom, and 3 feet thick on the 
top, with a stone coping 9 inches thick. At the foot of the lock, on the 
shore side, is a similar wall extending down 50 feet and then cnrving 
towards the shore. This wall is but 15 feet high. The rabble walb 




are all on a foundation of piles, timber and planking, there being 860 
piles, from 13 to 19 feet long. There are 5,560 cubic yards of rubble 
wall, of which 5,300 cubic jards are laid in hydraulic cement, and 250 
cubic jards are laid diy. 

The filling between the oatermost or river wall and the. wall of the 
lock with its wing extension, is not shown in our engraving, the space 
being represented as if hollow, thus showing the inferior or bank side 
of the wall, as it appeared before the filling was put in. 

The lock gates are of massive proportions, 24 feet high and 43 feet 
wide, each gate containing over 20,000 feet, board measure, of the best 
white oak timber, and 2T,0D0 lbs. of wrought and cast iron (including 
the anchor irons bj which the gate is secured to the lock walls) weigh- 
ing over 60 tons, and costing, with the hanging fixtures, f4,000 each. 
The mechanism for operating the gates and tor admitting and dis- 
charging the water is all of the strongest and most complete description, 
and the balance of the gates is so perfect that, ponderous as thej are, 
two men can open or close them in four minutes with ease. The lock 
can be filled or discharged in three minutes, moving at its maximum 
lift 172,000 cubic feet of water. A single boat can be locked through 
in about fifleen minutea, a fleet requiring more time, as the boats have 
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to be got into position in the lock. The capacity of the lock is equal 
to 12 canal boats at one time, of the size of those on the Erie or the 
Illinois and Michigan Canal. 

This extensive work was completed January 11, 1872. It was prose- 
cuted under the official charge of Messrs. Joseph Utley, Virgil Hickax 
and Robert Milne, canal commissioners, the designing and construction 
beiuff the work of Daniel C. Jenne, chief engineer, assisted by Geo. A. 
Reefer, John S. Butler and Charles C. Upham ; and the details were 
faithfully carried out by the contractor, William Johnson. The stone 
was obtained from the Semont and Joliet magnesium limestone quar- 
ries, the oak and pine timber from Michigan, and the other timber and 
piles from the immediate vicinity of the work. 

By the building of this lock and dam, 60 miles of good navigation is 
added to the Illinois and Michigan Canal. It is intended eventually 
to extend this work to Chicago, by improving the river in a similar 
manner 60 miles to Joliet, and enlarging the Illinois and Michigan 
Canal to the Chicago river for 36 miles. It is estimated (February, 
1873) that this will cost over $16,000,000, but the monev will be well 
invested in an enterprise so vastly beneficial to the people of the west 
and southwest, giving to them, as it y^W, direct communication from 
Chicago by large steamers to New Orleans and to all points on the 
Mississippi river and its chief tributaries. A total of 1,500 miles of 
navigation will thus be secured, and a cheap channel of commerce 
opened for an almost boundless agricultural region, which needs for its 
complete development only the means of transporting its products at 
small cost to the distant points where a remunerative market awaits 
them. 



CHAPTER XXIII. 



CRIB DAM WITH PLANK COVERING. 

Crib-work, when properlv constructed, with suitable filling and secure 
fastening of the timbers where they cross, is as reliable an arrangement 
for a dam as any that can be mentioned. It of course requires the use 
of a considerable amount of timber, there being, from the nature of the 
structure, no chance to economize in this respect ; but as crib-work can 
be put up in a thorough manner with the employment of but very little 
skilled labor, the saving in this point is often much greater than the 
reduction in cost of material would be by adopting any other plan. 
Moreover, even in a country not heavily timbered, there is apt to be 
in the vicinity of a watercourse a sufficient amount of such timber as 
will answer for crib-work, with a little management; and the builder 
need not therefore, in most cases, resort to an unsatisfactory style of 
(construction, or pay high wages to expert professional workinen, unless 
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an unusual scarcity of timber prevents him from adopting such a 
method as is described in the present chapter. 

The plan of dam here illustrated is suited to comparatively narrow 
streams, not exceeding 100 feet in width, and where not ovfir 10 feet 
head of water is to be afforded. The material used is timber, brush and 
loose rock, with an admixture of fine or coarse gravel or coarse sand 
and dirt The crib is a continuous one, from bank to bank, the timbers 
crossing the stream being spliced together where required. At intervals 
of 8 or 10 feet timbers are placed crosswise of the dam, in the direction 
of the stream, their purpose bein|^ to bind the frame together. They 
are firmly secured to the longitudinal timbers with either pins or spikes. 
They diniinish in length from the base to the top of the dam, as the 
up-stream and down-stream sides of the dam have each a slope which 
brings them nearly together at the top. The filling may be of brash 
and clay, though gravel is preferable to clay under all ordinary 
circumstances. In this case, as the dam is intended to be as nearly 
water-tight as may be, the clay will serve very well to give weight and 
solidity to the crib-work. For the purpose of excluding the water, the 
dam is covered tightly with plank on both sides and on the top; and 
an apron of planks, supported on logs, is also placed in front of the 
dam down stream. 

For abutments, square cribs are built, of the same general nature as 
the dam, but of somewhat greater width and height The cribs should 
be filled with stone and gravel, and thus made as heavy and substantial 
as possible. It is an excellent plan, also, to give the dam a curve 
up-stream, as shown in several preceding chapters, its strength being 
thus considerably increased. 

The dam in our engraving is supposed to rest on a hard bottom ; but 
should the bed of the river be soft, it would only be necessary to put 
down in the first place a foundation of logs, laid close together, length- 
wise of the stream, and projecting beyond the base of the dfim 
down-stream. 

Should leaks occur in the plank covering of the dam, it may be 
made tight by stirring saw-dust or fine tanbark into the water above the 
dam. A small leak at the bottom may be stopped by crowding straw 
or fine brush into the hole and covering it with earth. The exact 
locality of such a leak may be found by stirring a little saw-dust into 
the water near the bed of tne stream and observing where the current 
carries it through. For a larger leak, the best plan is to put in first a 
stone nearly large enough to fill the hole, following it with smaller 
stones and finally gravel and loam. This has the^ advantage of being 
more durable than the straw filling, which will rot in time. 

Although relating to a different style of construction from that above 
described, we mav venture to add in this connection the following letter 
on the subject here treated of, received some time since by the 
publishers of this work: 

" Editor Leffel News: My model of a dam is a common barn roof 
placed across the stream ; the eaves — the upper one especially — ^sunk 

\ 
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to a solid foundation, the peak or ridge extending level from bank to 
bank across the creek. Or the half of the roof down the creek may be 
omitted, and let the surplus water drop perpendicular on an apron. (I 
adopt the roof as an illustration as being so easily understood, the 
bearers being in place of the rafters, and the planking in place of the 
roof boarding.) The bearers should be supported by plates running 
across the stream, except at the foot, where they should be beveled and 
rest on the bed of the creek. The plates may rest on stone walls, log 
cribs, or posts standing on mud-sills that have been well bedded and in 
the direction of the stream. The strength of timber and distance apart 
must be in proportion to the height of the dam. There are dams near 
here in rapid streams, the foundations of which have been in for over 
one hundred years. WM. C. CRAWFORD. 

MiLFORD, Pike County, Pennsylvania. 

We think a sloping face on the downstream side of the dam, with an 
apron to carry the water fairly away, is preferable to allowing the water 
to drop perpendicularly on the apron. It is at the foot of the dam, in 
front, that undermining, wearing and washing out very frequently 
occur, by eddies and reacting currents of water. If the water comes 
down in a sloping direction to the apron, as in the dam which we 
illustrate, or as in the "roof'-' construction suggested bv our corre- 
spondent, the danger referred to is almost entirely removed. 
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PLANK DAM AT GILBOA, OmO. 

In the dam which we illustrate in this chapter, a combination is 
presented of the plank construction with stone and dirt, or gravel, for 
the interior filling, the latter giving the dam its requisite weight aud 
solidity. A near approach to the construction^ here shown was that of 
the dam described in chapter X, in which two tiers of plank are erected; 
but the manner of laying them is materially different from that here 
represented, as in this instance the wide base and narrow top, or the 
pyramid construction, so to speak, add very greatly to the firmness of 
the structure, rendering it hardly possible for any direct pressure to 
force it firom its foundation. 

Our engraving does not represent a merely theoretical style of 
construction, but is a view of a dam built for supplying the power to a 
Leffel wheel running the grist and saw mill of A. D. McClure, Esq., 
located on Blanchard River, in the town of Gilboa, Putnam Co., Ohio. 
The stream at this point is 250 feet wide and has a rock bottom. The 
perpendicular height of the dam is six feet. It is shown in the cut as 
if cut across in the direction of the stream, showing the ends of each 
tier of plank, the cross-ties connecting them, and the filling between 
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the tiers. The planks used in the construction are 10 inches wide, 2]- 
inches thick, and of any convenient length ; care being taken in laying 
them up to break joints. The cross-ties extending from one tier to the 
other are planks of the same thickness as those in the two walls, but 
may vary in width, while their length is of course determined by the 
distance between the tiers. They are put in at every 8 or 10 feet, or 
thereabout, of the length of the dam, their ends coming out between the 
ends of two planks which meet in the tier, and flush with the outer face 
of the dam. Their thickness being the same as that of the other 
planks, a close joint isHhus made and the dam remains tight 

The planks in each tier are so laid as to fall back two inches at each 
successive course or layer, a continuous slope thus being given to the 
face of the dam, at an angle of about forty-five degrees. This falling 
back does not begin, however, on the up-stream side, until about half 
the height of the dam has been reached, the first three feet of this 
tier being perpendicular. The slope then commences and continues at 
the same angle as the down-stream face, each laver of planks falling 
back two inches, until the crest is reached, where the top layers of each 
tier are placed side by side, as shown in the cut. It may be well to 
surmount these with a single plank as a cap or cover, so that there will 
be no open joint along the crest of the dam. Built in this manner, the 
entire width of the base of the dam, from out to out, will be about ten 
feet, of which six feet or more will be on the down-stream side of a 
point directly under the crest of the dam, the continuous slope being on 
that side. 

For fastening the planks either pins or spikes may be used, but pins 
are preferable, as, being of wood, they admit of planks being readily 
siawed out when repairs are required. The planks in the downnstream 
tier are of oak, while in the up-stream tier sycamore and elm are used 
below water, and oak above. Sheeting, or even round noles, may be 
put on the top of the dam on the up-stream side, if desired, to^guard it 
from ice and drifbvood. The whole upper side of the dam, indeed, may 
be covered with cement to make it perfectly tight Still another 
additional means of protecting the up-stream tier of the dam is to build 
a wall directly against and of the same height as the perpendicular 
portion of that tier, which in the dam under consideration is the first 
three feet of the tier. This may be done if stone is abundant and easilr 
obtained in the locality where the dam is built, but the necessity for it 
is not sufficiently urgent to warrant any heavy outlav, such as would be 
required if the stone were to be brought a considerable distance. 

The dam built bv Mr. McClure is abutted at one end against the stone 
wall of the mill; the other end extending into a square crib about ten 
feet high and built of the same material — 2 or 2i inch planks — and in 
the same manner in all essential respects as the dam itself It is about 
twelve feet square, and filled with stone. The crib in our engraving 
is shown as projecting considerably bevond the base of the dam, as we 
regard it verv desirable that a crib should extend two or three feet 
beyond the aam on both the up-stream and down-stream sides. If the 



80 FRAME DAM AT CLIFTON, OHIO. 

ditm, therefore, has a width often feet at the base, as in the case here 
ilescribed, we would give the crib a width of at least fourteen feet, thus 
allowing a projection of two feet beyond the dam in both directions. 

Care should be taken to make the dam as tight as possible on both 
sides, avoiding any cracks or gaping joints in the tiers of plank or at 
the points where the ends of the cross-ties occur. The filling between 
the tiers, in Mr. McClure's dam, is stone and dirt. Gravel, either fine 
or coarse, may be used instead ; or stones of irregular size, from boulders 
down to small cobble-stones, mixed with loam and a moderate amount 
of clay — the more stone and the less clay, the better. We have shown 
in our engraving a filling of stones, earth and brush against the 
up-stream side ofthe dam. If sheeting, cement, or a breast work of 
stone is put on this side ofthe dam as above suggested, the filling will 
not require to be so heavy or so carefully put in as would be necessary 
if the dam were in no other way protected. 

The construction thus fully aescribed is intended for streams having 
a rock bottom. If the bottom is soft, a foundation must first be lai<^ 
for which purpose logs placed close together, side by side, lengthwise 
ofthe stream, constitute the most reliable material. They should be 
long enough to project beyond the base ofthe dam both up and down 
the stream, but especially down-stream, in which direction they should 
extend far enough to form an apron to the dam ; and this apron may 
be covered with plank so as to render it still more secure against the 
undermining action of the water. It will be observed, however, that 
the continuous slope of the down-stream face of the dam has a very 
advantageous effect in preventing the reacting, eddying and^mdermin- 
ing tendency ofthe water, thus making it much less destructive to the 
apron and foundation ofthe dam. The filling or other protection for 
the up-stream side and upper slope of the dam would be substantially 
the same for this as for the dam on rock bottom. 



CHAPTER XXV. 



FRAME DAM AT CLIFTON, OHIO. 

We illustrate in this chapter a dam which has been for some time in 
use, located on the Little Miami Hiver, near the village of Cliflon, in 
Greene county, Ohio. The course ofthe Little Miami in the region of 
Clifton, as many tourists from distant States are well aware, is 
remarkable for the picturesque scenery which it presents. The 
towering cliffs, deep gorges and shadowy ravines which have made this 
locality a favorite resort of pleasure-seekers for many years, fall short 
of actual grandeur and sublimity only when compared with the bolder 
natural features of the Eastern or far Western portions ofthe continent 
In the absence of mountain ranges, which are necessary to the display 
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of such heights and depths as are sufficient to strike a traveled observer 
with awe, this charming spot is as well entitled to be called a Switzerland 
in miniature as any thing which Ohio or the prairie States can boast. 
At the point where the dam herQ illustrated is built, the stream has a 
much wider bed than immediately above or below, so that the length of 
the dam is about 100 feet. The bottom is solid rock, and the cliffs on 
either side rise to a height of 70 or 80 feet. A rock asainst which the 
dam abuts on the right bank is itself nearly 40 feet high. 

The foundation of the* dam consists of six sills, 10 by 14 inches, 
crossing the stream, and placed from 6 to 8 feet apart, being somewhat 
nearer together under the apron than beneath the main structure of the 
dam. The ends of the sills are mortised into the rock at each bank, 
the sill farthest up-stream being also imbedded in the rock for its entire 
length. Across these sills are laid timbers 10 by 14 inches and about 
40 feet Ions, the distance between centers being about 6 feet. They 
are secured to the lower or foundation sills by IJ inch barbed iron 
bolts, 2 feet long. Both these courses or layers of logs are squared on 
the top and bottom. The two center sills running lengthwise of the 
stream, and situated at the angle of the dam, are bolted together. 

The breast of the dam is raised at the fourth foundation sill, counting 
from the up-stream side. The upright posts constituting the front of 
the dam are 12 inches square, about 15 feet long, and have an inclina- 
tion from perpendicular of nearly 3 feet up-stream. The posts at the 
center or angle of the dam, like the two upper sills at that point, are 
set close together and bolted to each other. The whole number of posts 
is the same as the number of upper sills, and they are placed the same 
distance apart, each post resting on a sill, into which its lower end is 
mortised. Upon the top of the posts, crossing the stream, is a cap timber 
12 by 14 inches. This cap timber is in four pieces, each 26 feet long, 
^liced where they connect, and mortised into the rock at each bank. 
The upper ends of the upright posts are mortised into the cap timber. 
The rafters composing the up-stream slope of the dam are 10 inches 
square and some 25 feet long, and equal in number to the posts — each 
rafler, with its corresponding post and the interior braces, constituting 
a "bent." The rafters are mortised into the cap-timber, and between 
them are short cross-timbers or ties, 10 inches square, mortised into the 
sides of the rafters, and flush with their upper surface. The same 
description of ties are placed between the upright posts. The purpose 
of these ties is to give firmnejss to the frame, and prevent any tendency 
of the bents to sway or spread to or from each other. There are three 
of these ties between each pair of rafters and two between posts, so 
that each bent is connected with the next by five ties, the distance 
between the ties being from 6 to 8 feet. The foot of each rafter rests 
upon one of the upper sills, and a bolt is driven through the rafter and 
upper sill to the foundation sill of the dam. 

This slope of the dam is covered with two coats or courses of 2-inch 
oak planks, jointed in the usual manner, the first course bein^ laid 
crosswise of the stream, and the second or top course lengthwise, in the 
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same direcdon as the rafters. The planks are secured by spikes, and 
the top course footed at the lower ends of the planks against a sill 
running across the stream the whole lenglh of the dam. 

In the interior of the bents are braces 10 inches square, mortised into 
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the posts, sills and rafters, in the manner ami position indicated in 
Figure 2 of our engravings. 

The apron is constructed by plaeine transverse or eross sillg upon 
the longitudinal or upper sills of the dBiii, these cross Bills being three 
in numl)er and about 6 feet apart. Upon these sills are laid timbers of 
the same size, lenethwise of the stream, hewed on two sides and laid 
close together. These logs, forming the apron, are 17 feet long. At 
their upper epds, where ihey meet the breast of the dam, a cross-timber 
is laid on, mnning the whole length of the dam, and beveled on its 
front BO as to leave its top only 2 inches wide. The capiirober at the 
topof the posts alsopwyeels2inches, and the 2-inch planks constituting 
the face of the dam, which are spiked in an upright position upon the 
id croBs-ties, make with the li-inch pnyections at their top and 
, against which they rest, a continuons smooth face to the dam, 
giving the water an unbroken and even fall. 

All the ffllls, rafters and ties composing the frame work of the dam 
are of white oak, secured by iron bolts. 

The interior of the crib-work composing the apron is filled compactly 
with itone. The interior of the dam is also filled with stone, about 
half-way to the top; and against the np-Htrcam slope of the dam is a 
filling of gravel and clay, extending from some iiftecn feet above the 
d«m to o point half-way up the slope, thus covering the entire lower 
part of the planking. 

The ground plan of the dam is such that it makes an anjute with the 
^ex up-stream, instead of the arch or curve often used. The angle is 
but B moderate one, the center of the dam bein£ but about 4 feet &rther 
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up-stream than the ends, while the entire length, as already stated, is 
about 100 feet. As will be seen by the dimensions already given, the 
base of the dam, inclusive of the apron, has a total length of about 40 
feet. 

Near the center of the dam is a waste-way regulated by a sliding gate 
on the upper side of the dam. The door of the waste-way is indicated 
in the cut near the base of the dam, close to the center posts. 

The height of the dam from the apron up to the crest is about 14 
feet, the 15 fl. posts having a slight inclination, as already stated. The 
height from the rock bottom to the top of the dam is 17 feet or 
thereabouts, the top of the apron being 3 feet or more above the rock. 

The water enters the forebay behind the large rock on the ri^ht bank 
of the stream, and only a portion of the forebay, consequently, is shown 
in our engraving. The race passes through an opening in the rocks, 
and the framework of the head-gates is mortised at both ends into the 
solid rock. 

This dam was built some years since by Messrs. King & Hagar, at 
that time proprietors of the Clifton Paper Mills, now carried on by Col, 
David King. A general view of the dam is given in our principal 
engraving, and in Figure 2 is represented a cross-section, showing the 
upright post, rafter and braces constituting a bent, the two courses of 
plank on the up-stream slope, the end of the timber against which the 
upper course is footed, the upright planking on the face of the dam, the 
ends of the cap-timber above and the beveled timber below, and also 
the ends or sides of the various sills composing the foundation and 
the crib-work of the apron. 

As the region in which this dam is situated is visited every year by 
large numbers of tourists, many of our readers may already have 
examined the structure above described, or may have opportunities of 
doing so in future. At a favorable season of the year, a more attractive 
spot can hardly be found, though there are many of wider reputation 
and more favored by the patronage of the wealthy and fashionable. 



CHAPTER XXri, 



TIMBER DAM AT NEW HARTFORD, CONNECTICUT. 

The durability of the dam which we illustrate in this chapter has 
been proved by a period of service dating back farther than the birth 
of manv of our readers. It was built in 1847, and has therefore stood 
some thirty-four years, requiring in all that time but little repair or 
alteration. It extends across the Farmington River at New Hartford, 
Conn., and, as will be seen by our engraving, is built of timber, no 
other material being used except that required for filling or staying the 
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stracture, and for the abutments as will be hereafter described. Th^ 
timbers used are from 9 to 12 inches in thickness, the first or foundation 
tier being laid crosswise, the second tier lengthwise of the stream ; and 
this arrangement is continued throughout, the alternate layers crossing 
each other until the work is brought to the desired height. When 
complete, it has the form of a pyramid, the sides presenting an angle of 
27 degrees with the horizontal line or bed of the stream. This angle of 
the sides gives the base such ample width in proportion to the height 
that, taking this in connection with the pyramidal form, the dam has & 
degree of solidity and strength in its very shape which ensures its 
durability. 

The timbers are fastened, at each point where they cross, with a spike 
of J-inch round irqn, 20 inches long. The water side is covered 'with 
planking of 3-inch oak and chestnut, jointed, and put on with 7-inch 
cut spikes. The timbers running lengthwise of the stream are placed 
6 feet from center to center, the ends coming out flush with the face 
and back of the dam. The timbers running crosswise of the streana are 
so placed as to give from two to three feet in the clear ; and all the 
spaces are filled with stones, from the foundation up to the cap-log. 

On the lower or down-stream side of the apron, piles are driven and 
securely fastened to the lower mud sill, on which the apron partially 
rests. The apron is composed of timbers 12 inches thick, placed 
close together. In order to attach the apron firmly to the main 
structure of the dam, the following plan is adopted: once in every six 
feet of the apron a timber longer than the others is put in, extending 
up-stream under the dam a distance of 25 or 30 feet, while the other 
apron-timbers run only 2 or 3 feet under the first timber of the dam 
proper. By this means, without putting more timber into the apron 
than is absolutely required, it is nevertheless held so firmly to the 
main structure of the dam that no danger of separation exists. 

The entire length of the " rollway ''^ is 232 feet. The height of the 
dam, from the bottom of the mud-sills to the top of the cap-log, is 21 
feet. The width at the bottom, from the foot of the dam to the 
up-stream side, is 68 feet ; and the apron projects 14 feet beyond the 
foot of the dam. 

The river bottom at this point consists of cobble-stones, gravel and 
quicksand. The banks are gravel and sand. The gravel is of the kind 
known as " washed," it being devoid of all the fine admixture which 
renders a bank tight against water. On the upper side of the dam is a 
filling of gravel to within 4 or 5 feet of the cap-log. It is not uncommon 
for the stream to rise to such a height as to give six feet of water on 
the cap-log; and a depth of even 10 feet at that point has been known, 
but is of rare occurrence. The capacity of the river at this place is 
stated at 14,526,000 cubic feet of water every 24 hours during an 
ordinary drought. 

Our present illustration gives a perspective view of the exterior of 
the dam, showing also one of the abutments, which are of solid masonry, 
and pyramid-shaped, like the dam itself In our next chapter we shall 
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mve a sectional view, showing more clearly the interior structure of 
me dam, with some additional particulars required to complete the 
description. 



CHAPTER XXVII. 



TIMBER DKM..— Continued. 

In our last chapter we gave a perspective view and general description 
of the dam of the Greenwoods Company at New Hartford, Conn., 
comprising the dimensions of the dam, the material used, size of 
timbers, and the manner in which they are put together and secured. 
We now present a sectional view of the same dam, from which the 
arrangement of the timbers will be still more clearly perceived. In 
this engraving, also, a full view is given of several portions not shown 
in the perspective cut, such as the apron in front, composed of twelve- 
inch timbers placed close together; the piles driven on the down-stream 
side of the apron, and fastened to the lower mud-sill, extending into 
the bed of the stream to a depth of 15 feet; and the form of the abut- 
ment, the face or front portion of which also rests upon piles. Our 
present engraving shows but ^ small part of the dam, the entire length 
of which, as already stated, is 232 feet. In the view it is represented as 
if cut transversely, in the direction of the stream, showing the internal 
framework, but not the filling of stones in the interior, or that of gravel 
in the upper side of the dam. 

The strength and stability afforded by the pyramidal shape of the • 
dam will be readily seen in this illustration, the only real source of 
danger being from the washing out of the gravel, especially on the 
lower side of the dam, which is liable to occur at a time of very high 
water. This difficulty did in fact present itself in the case of the dam 
here described, during a very heavy flood some years ago. The water 
acted with such effect at the lower side of the apron that a considerable • 
quantity of gravel was washed away; to remedy which the proprietors 
built cribs of poles and logs, and filled them with large rocks, weighing 
two to three tons. These cribs were then sunk to the bottom, and the 
whole chained to the piles at the foot of the apron; since which time 
no trouble from washing out has been experienced. 

At a later period some repairs of the dam were found necessary, and 
nine or ten feet of the top was taken off, the timbers having become 
rotten. The cause of the rotting was ascertained to be that the dam, 
when originally built, was planked tight on the lower side as well as 
on the water side, leaving no avenue of escape for the hot steam which 
gathered inside the dam in hot weather. The face of the dam being 
to the south, the heat of the sun had a powerful effect in generating 
this steam in the interior, with the injurious results to the timbers 



LOO DAM roR NARROW filTREAMS. 89 

above indicated. All the planking on the lower side was therefore 
removed, leaving this side in the condition shown in our engraving in 
the last chapter. 

It is proposed (1873) to raise the dam six feet, making with the 
present height of 21 feet a total height from bottom of mud-sill to top 
of cap-log, of 27 feet. It has already been mentioned that the stream 
frequently rises to such an extent as to give six feet of water, and in 
rare instances even ten feet, on the cap-log of the dam as it now stands. 
The increase of height will therefore afford the means of a correspond- 
ing addition to the amount of power held in store, the present structure 
being hardly in due proportion to the capacity of the stream. Our 
engraving shows the wall as already raised. The dam or ** rollway " 
wiU be raised by placing at every 6 feet of the length of the dam a 
frame or trestle resting, as it were, astride of the crest of the dam and 
very firmly secured on both the upper and lower slopes of the present 
structure. The water side of this additional framework will be covered 
tightly with 3-inch jointed plank. Upon the lower side will be placed 
3-inch planks, 2 inches apart, the object of this arrangement being to 
ventilate the interior and give free escape to the hot steam generated as 
already described. 



CHAPTER XXVIII, 



LOG DAM FOR NARROW STREAMS. 

The description and illustration which we present in this chapter 
were elicited by an inquiry on the subject of Mill Dams published in 
Leffel's Mechanical News for February, 1873. In order to present more 
clearly the suggestions embodied in the ensuing article, we first re- 
print m full from the Mechanical News the inquiry alluded to (and also 
the comments editorially made upon it), as follows: 

"Messrs. James Leffel & Co.: — I desire to build a mill-dam across 
a hollow about 60 feet wide. Will have a slate rock foundation all the 
waj across, and the hight of dam will be 15 feet. I have two plans for 
building the dam. The first is to dovetail posts in the rock about four 
feet apart, straight across the hollow, and nail two-inph planks to the 
posts, setting the posts 12 inches in the rock, and having them 15 feet 
high. 

"My second plan (I think the best) is the following : Get me a sill 
14x14 and lay on the rock across the hollow, and then put iron stirrups 
across the sill about 5 feet apart, placing the ends of the strrrups about 
H feet deep in the rock and running Babbitt metal in the holes around 
the stirrups. Then place my posts about 4 feet apart, letting them about 
1 foot deep into the sills, and having a brace running from top of post 
down stream, lower end on a sill. Stone is too scarce to build a stone 
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dam. The stream of water is only from a large spring (no creeic) only 
100 yards from the dam. The water, when running on mill, is about 6 
inches deep in a fore-bay 3 feet wide, affording enough water to run a 
set of 30-inch wool cards and a grist-mill, rocks 30 inches in diameter. 
"The fact is this : we want to build a good dam, without a great ex- 

Sense. I would say that the hollow is wider between the spring and 
am than it is at the point we wish to put the dam. 

"I desire you to answer this in the next number of the News. Tell 
us which is the best plan, and if you can let us have a better plan, please 
give it in your paper. You may put me down- as a permanent sub- 
scriber. Enclosed find money. Trusting you will comply with my re- 
quest, I am fraternally yours, W. H. W. 

'Flyntville, Tenn." 

"[We do not agree with our correspondent in thinking his second 
plan the best, but should give the preference to his first, provided cer- 
tain important amendments are made to it. The posts should be let 
into the rock a depth of at least two and one-half feet, and three would 
be still better; and they should have one or if possible two series of 
braces if the dam is to be 15 feet high. The general plan of the dam, 
as we would build it, is similar to that described in our issue for No- 
vember, 1871, except that the posts in this case should be nearer to- 
f ether than in the dam illustrated. The reason for this is, first, that the 
ight of the dam is much greater, and second, that slate rock is pecu- 
liarly liable to wear away under the influence of either sun, air, frost or 
falling water. We shall be glad to hear from other correspondents in 
regard to W. H. W.'s inquiry.^ED. Leffel News.]" 

In a subsequent issue of the Mechanical News appeared a communi- 
cation from another correspondent, in Wabash, Ind., over the initials 
"R. S.", giving a full description of a dam which he has found by prac- 
tical experience specially adapted to narrow streams such as are here 
referred to. Ho also furnished a pencil sketch of a dam of this charac- 
ter of which he is a joint proprietor, located on Treaty Creek, Wabash 
Co., Ind.; and from the sketch thus supplied we have produced the en- 
graving here presented. 

Referring to the plans submitted by " W. H. W.," the Wabash corre- 
spondent remarks : "I do not like either of them; and as the editor 
stated that he 'would be glad to hear from other correspondents in re- 

§ard to these inquiries,' I will, as an old hand at building mills and 
ams, suggest my plan of building dams across narrow streams, or 'hol- 
lows 60 feet wide,' as he says his is. The motto of B. Franklin has ever 
been mine, viz: 'What is worth doing at all is worth doing well.' 
Even should my plan cost a little more at first than his, it will be the 
cheapest in the end. 

" Here it is. If the banks are stone, and have no natural jut or pro- 
jection sufficient to abut the ends of the dam against, and are not too 
hard to cut, cut a groove in the stone embankments where the ends of 
the dam are wanted, about 12 inches wide, and a few inches deep, from 
the bottom up, and as high as the dam is to be built Take round logs 
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and face two sides straight and nice, large enough to measure a foot 
thick when faced. Cut the logs long enough for two lensths to make 
the dam. Square the end that is to go in the groove at the abutment, 
or shape it to fit. Lay the log not at right angles across the ravine, but 
put the ends which meet in the middle nine or ten feet, up 'stream above 
a straight line, so as to form the dam that much in the shape of a horse 
shoe, or rather in the form of two panels of rail fence with the lock up- 
stream; then halve together the ends which meet, putting the faces of 
the logs together as the dam is raised so as to hold the filling of gravel 
or dirt. Continue to so notch the logs together in the middle until the 
dam is the desired hight, filling up at the same time with gravel and 
stone if plenty; if not, dirt will do, provided the logs fit well enough to 
hold it. Thus we see, to build a dam in this way supercedes the ne- 
cessity of any posts or braces, for it braces itself. And the harder the 
pressure of water and filling above, the tighter it will press the ends of 
the dam against the abutments, so that it can neither push out, wash 
round the ends, nor wash or undermine if stone bottom, and the bottom 
log well fitted. This plan supercedes, also, the necessity of cutting any 
I)ost-holes or mortices in the bottom of the stream, or of bolting down 
the bottom log to keep the dam from pushing down stream. 

" If not stone blufis, then of course, abutments of either good stone 
or timber must be made, projecting into the banks. They should be 
notched up as the dam is raised, and all well filled as it goes up. 

''If the bottom is slate, or any material.that will not stand the force 
of water, pourinjg over for many years, it should be leveled a sufficient 
distance up and down the stream, clear across, to recdve a log apron. 
Face the logs on three sides, putting the square edge down. Cut them 
16 feet long, and cut a gain on the top of each one 6 feet from the end 
that lies upnstream, 4 or 6 inches deep, to lay the bottom log of the 
dam in, thus letting the apron extend about 10 feet below the dam, and 
5 above. The apron logs notched in this way and the dam built on 
them, and they ntted up together, will prevent the bottom from wearing 
as long as they last. And having them 12 inches thick (which they 
should be for 15 feet fall), they will last, if water is kept over them, 
many years, for they cannot wash out put in in this way, nor raise at 
the lower end in case of a flood of water rising over them below the 
dam. 

" This plan of building dams is not only applicable to W. H. W.'s 
'hollow,' but to all streams that are not too wide for two logs to span 
in a bracing way. And it makes no difference how high the dam is 
built, it cannot push out if the logs are stout enough not to bend edge- 
wise and come out like a spring-pole. 

We, of the firm of Small & Son, have a log dam 15 feet high, about 
60 feet whole length, built precisely as I have directed, and it nas been 
in use some twenty-seven or twenty-eight years, and not a log amiss 
yet ; though the top is getting a little tender, and wants a new top-log. 
Ours are stone bluffs and solid limestone bottom, all the apron it nee(&. 
Our filling is mainly shelly limestone with some gravel and dirt; not 
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evea sheeted on top, but would be the better of ii, for the stone and 
gravel washes off some. 

. " I give a rough sketch of our dam, which is so simple that any ten- 
jear-md boy of common mother wit can see into the philosophy of its 
strength and durability. 

" In 1846 I helped put a log dam across the Missisinewa River, nearly 
200 feet long. In 1854, 1 think, I put in, or rather spliced, the same 
kind of a dam on Deer Creek, to run a saw and grist mill. And about 
1858 or '59, I put a log dam in to run two 4-feet burrs; all in Grant 
county, Ind. Not one of these dams has gone out yet, unless the^ went 
this winter. Though these dams were all straight, the breast is logs, 
and a log laid in the stream a few feet above, with dovetail ties in it and 
the breast logs, as they were notched up, all tied to the single log above, 
filled with stone and gravel, then sheeted with 2-inch plank, and grav- 
eled on the upi>er end of the sheeting ; and with good abutments and 
aprons, I consider the log dam the cheapest yet" 



CHAPTER XXIX. 



FRAME DAM DN MAD RIVER. 

We add in this chapter another illustration and description of a dam 
which has the advantage, over a merely theoretical plan, of being veri- 
fied by actual construction, so that eveiy detail has been worked out 
and may be relied on as practical, and duly adapted to the circum- 
stances of the case. The dam here represented is built across Mad 
River, in Clark County, Ohio, and is 165 feet long. The stream at this 
point has a mud and clay bottom, upon which is a coating of sand and 
gravel, washed down from above. The foundation of the dam consists 
of sills 30 feet long, hewed flat on the top and bottom to a thickness of 
10 inches, and lain lengthwise of the stream, about 8 feet apart Upon 
the top of these sills, at their up-stream ends, and running across the 
stream, is bolted a timber 8 inches square, 16-inch bolts being used to 
secure it to the sills. The breast of the dam is raised to a hight of 30 
inches above the apron, and is made by first laying a timber, 5x14 inches 
in size, across the stream on the foundation sills. On the top of this 
5xl4-inch sill are eight tiers of joists 3x10 inches, which are laid flat- 
wise upon each other and spiked together with 6-inch iron nails. The 
iace of the dam, composed of these joists, is battered or inclined up- 
stream 5 inches. At a point 5 feet up-stream from the cross-sill on 
which the joists rest is laid across the stream, and bolted to the founda- 
tion sills, a timber 8 inches square. From this sill to the top of the 
breast-work of joists, or crest of the dam, are laid rafters 6x8 inches, 6 
feet long, and 3 feet apart from center to center. The cut required at 
the upper extremity of each rafter to give it a secure hold upon the 
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l:>rea8t of the dam, is made about 3 inches from the end of the rafter, 
vrliich therefore projects that distance in front of the tier of joists, and 
by this means the rafters are, so to speak, hooked over the crest of the 
dam. The depth of the cut is about half the thickness of the rafter, and 
tlie width 10 inches, the same as that of the joists. The rafters are 
pinned to the crest of the dam, and also to the sill at their lower ends, 
iTvith wood pins 1} inches in diameter. 

For the coverine of the dam there are laid, crosswise of the stream upon 
tlie rafters, 2i-inch planks, which are fastened to the rafters with 6-inch 
nails. From the foot of the rafters, also, to the up-stream end of the 
foundation sills, a covering is laid consisting of planks 2 inches thick, 
running crosswise of the stream and nailed to the foundation sills. 
Upon the plank covering of the mud-sills, and extending some distance 
up the covering of the rafters, is a filling of gravel about 2 fe^t in depth; 
and the space under the rafters, from the mud-sills up to the plank cov- 
ering, is also filled with sand and gravel. 

The apron of the dam is made bv laying three sills across the stream, 
resting on the foundation sills, and secured to tbem with 16-inch bolts. 
Upon these cross-sills and the projecting edge of the 5xl4-inch sill un- 
der the breast of the dam, are spiked planks 2i inches thick, 12 feet 
long, and running lengthwise of the stream, as indicated in the engrav- 
ings. At the down-stream end of these planks, against the side of the 
apron-sill and the ends of the foundation or mud-sills, are driven spiles 
3x6 inches, reaching to a depth of five feet. The same is done at the 
up-stream end of the dam where the extremities of the mud-sills and 
the side of the cross-sill at that point rest in like manner against the 
spiles. The spiles at both the up-stream and down-stream extremities 
of the dam, are placed close together, forming a continuous sheet across 
the stream. 

The abutments of the dam are of solid masonry, laid up with cement, 
and are 21 feet in length efface, 5^ feet in height, and 6 feet thick. In 
addition to this are the wings, each 10 feet long, and of the same height 
as the face wall. The tops of the abutments are at about the same level 
as the earth banks of the stream. They rest on the foundation sills of 
the dam, three of which are under the abutment. The filling of the 
space enclosed by the face and win^ walls is entirely of gravel and sand. 
E. B. Harv^, of Miami county, is the builder of this dam, which is 
located near Enon, Clark county, Ohio, and is owned bv Martin Sny- 
der. It supplies the power to run a flouring mill, propelled by Leffel 
Double Turbine water-wheels. 

Our large engraving gives a perspective view of the dam, showing 
both the abutments and also a portion of the race, with the. head-gates, 
three in number. In the smaller illustration is presented a sectional 
view, showing a foundation sill lengthwise of the stream ; the end of the 
cross-sill at the up-stream extremity of the dam, and also of the cross- 
sill at the foot of the rafters, the one on which the breast-work rests, and 
the three sills of the apron ; the ends of the eight tiers or layers of 
joists, and of the planks covering the rafters and the up-stream portion 
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of the mnd-sills ; the aide of one ratler, showing the cut at one end for 
the footrsill snd at the other end for die crest of the dam ; the plank 
covering of the apron, the spiles at the upper and lower extremities of 
the dam, and the line of the i^Bvel filling. B; the cleaFoess with which 
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the dam while the building was going on. To protect i: 
the other half of the dam while in process of construction, it was only 
necessary to remove the upper part of the coffer above the finished part 
of the dam, letting the water How over both coffer and dam on that side 
of the stream ; the material thus taken oflf being used to extend the re- 
maining part of the coffer to the opposite bank, and a barrier beinealso 
built f^m the coffer to the inner or mid-stream end of the finished half 
of the dam, keeping the water from that part of the dam on which work 
was still in pro^sa. 

' ' ' was pot in type, we received information that 

n, just as it was approaching completion, was in- 
LC manner. The dam on onesideof thestream 
d work on the remainder being in progress un- 
coffer, a channel was cut from the head race 
through the bank behind and around the finished abutment, to carry off 
the water. A fiood occurring, the swollen stream poured through this 
channel and caused great damage to the abutment and the completed 
jKtrtion of the dam. We presume that parties on the spot were best 

Sualified to judge as to the course proper to be pursued; but from what 
Bta we possess, we are inclined to believe that by first putting in a 
head-gale at the race, and allowing the water to pass over the com- 
pleted portion of the dam, the disaster might have been avoided.] 
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CHAPTER XXX. 



DAM AT OSBORN CITY, KAJ^SAS. 

The dam herewith illustrated is constructed on the same principle, in 
many respects, as several which have alrelidy been described ; but the 
plan here shown will he found in some localities to possess advantages 
in point of simplicity and strength which will justify its adoption by 
the mill-owner. It cannot be accurately classified as regards the kina 
of material employed, as stone, logs, sawed timbers, boards, rock, 
gravel, sand and hay are used in its construction, their proportions and 
arrangement being such as to afford, without very heavy outlay, a 
satisfactory degree of firmness and durability. Our engraving gives a 

Ssrspective view of the dam built by Messrs. David AGlne & Son, at 
shorn Cityj Osborn County, Kansas, furnishing power by which their 
saw mill and grist mill are run. The width of the river at this point 
is 64 feet, and its bottom consists of a layer of sand about 3 f^et in 
depth, resting on a bed of solid slate and shale. In preparing for the 
erection of t^e dam; the first step was to scrape the sand away until 
the solid bottom was reached. The mud-sills were then put down, 
consisting of logs from. 14 to 18 inches in diameter, and from 20 to 28 
feet lon^, their direction being lengthwise of the stream. Brush was 
also put in to aid in making the sills as firm and solid in their positions 
as possible. In scraping away the sand, a hollow of considerable depth 
was of course made; and after the sills were put down, the sand washed 
over the mud-sills, which thus became imbedded in sand and brush, 
and have thus fer shown no indications of giving way. The distance 
between the sills is about 6 feet from center to center. 

It should be stated, before proceeding further, that the body of the 

dam is supxx)rted at each end by wing walls, as shown in the cut, these 

walls being 3 feet in thickness and built solidly along the face of each 

bank for a considerable distance both above and below the dam. 

•After laying the mud-sills, as described, the next stage of the work is 

the erection of the crib, which is composed of sawed timbers, and rests 

upon the sills, extending from bank to bank, and forming, as will be 

seen in the engraving, an obtuse angle with the vertex up stream. The 

width of this crib is 6 feet and its height 8 J feet. The timbers running 

across the stream are 6 by 6 inches, while the cross pieces are 4 by 6 

inches, placed flatwise, from 5 to T feet apart, and spiked to the main 

or longitudinal timbers, which are therefore 4 inches apart, one above 

the otherv These. 4-inch spaces are covered by jDailing boards updn 

them, thus rendering the up-stream and down-stream walls 'of the crib 

sufficiently tight for all practical purposes. The 6 by ^ inch timbers 

are pinned together with -2-inch oak pins, 16 inches long. In the 

eugraviiig, the dam is- shown with a part of the filling on the down- 

Btream face cut out, giving a view of a portion of the crib m the interior. 

The main or longitudinal timbers, the ends of the cross timbers, and 
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one of the foundation sills are thus shown, also the level top of the 
crib, 5 feet wide, forming the crest of the dam. The ends of the found- 
ation sills are likewise seen, projecting down stream from under the 
filling. Each end of the crib, at the point where it joins the wing 
wall, IS let into the wall for a depth of 3 or 4 inches, giving it a firm 
and solid bearing, and rendering it, in connection with the angular 
direction of the two halves of the dam, abundantly strong in its position, 
80 far as regards any direct pressure from the water above. 

The filling of the inside of the crib consists of broken rock, gravel 
ahd hay, arranged in the following manner : a layer of rock, finely 
broken, is first put down, having a depth of 10 inches ; a coat of gravel 
is then put on, leveling up the surface of the rock; then follows a 
laver of nay, then another layer of rock, and so on with alternate coats 
of rock, gravel and hay up to the top of the crib. The rock used is a 
kind of flint found in the vicinity, and very heavy. Above the crib is 
a filling of broken rock, ^avel, nay and sand. The width of this fill 
at the base is 12 feet, sloping to the top of the crib. Below the crib, on 
the down-stream face of the dam, is a fill of rock and brush, sloping to 
the top of the crib, and the whole dam has thus the shape of the roof of 
a house. The crib is located at a i)oint on the mud-sills about two- 
thirds of the distance from their down-stream to their up-stream 
extremities, and the front of the crib is just above the projecting corner 
or vertex of the angle formed by each of the wing walls. These dis- 
tances and proportions are distinctly shown in the engraving. 

We are of opinion that the plan of dam above described, which is 
an excellent one in most respects, would be still further improved by 
bolting the mud-sills in a few places to the rock bottom. If they were 
surrounded and covered by a cood depth of mud, this would be less 
important. A mixture of sand, in liberal proportions, with the gravel 
in the crib, to pack and tighten the whole mass, would also be useful ; 
although this point is very well provided for by the board covering on 
the side of the crib, especially if a considerable amount of fine sand 
and gravel is thrown against it. As for the use of hay, either in the 
crib or above it, we have small faith in its utili^, as it will rot out 
afler a time and require refilling. There is, in met, nothing better 
than heavy gravel and sand for all kinds of filling about dams, head- 
gates, races, etc. — and nothing poorer than clay. 

Of the light rocks and brush forming the inclined apron below the 
^ni, a considerable portion will wash away in case of a flood ; but if 
there are also plenty of heavy boulders, these will maintain their posi- 
tion, and no material damage will be done. 

The builders of the dam described in this chapter, in a letter dated 
April 16, 1874, give the following particulars, indicating the reliable 
character of their plan of construction : "We have had some high water 
this spring. It has taken out two dams on the river, but ours is firm 
jnd all right. It is impossible to take it out, and we think it the best 
Kind of dam that can be put in a stream that is not very wide. It has 
<^<»ta8a good deal, but the first cost is the cheapest in the long run. 
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Parties putting in dams cannot do too much work on them. They 
should be completed in the start, and then you know you are all right 
Mention is made in the same letter of a dam several miles farther up 
the stream, biiilt of rock, logs and brush, but having no wing walls, or 
any protection for the banks— the result being that in the freshet above 
referred to, the water cut around the dam and nearly ruined the work. 



CHAPTER XXXI. 



STONE AND TIMBER DAM. 

In the present chapter we describe and illustrate a stone and timber 
dam which was erected in 1873 by the owner, Hamilton B. Lawton, at 
East Brunswick, Rensselaer County, New York. Its method and 
material of construction are such as to adapt it to a region where stone 
is abundant, as this, with a moderate amount of timber, is the article 
principally used in its erection. The dam is' built on a rock and 
*' hard-pan " bottom. Its length is 150 feet, and its height 22 feet, 
from the level of the water to the top of the upper plate. The base of 
the dam, measured on a horizontal line from the up-stream to the 
down-stream extremity, is 23 feet in extent, being nearly the same as 
the height; and the up-stream side of the dam, therefore, slopes at an 
angle of 45 degrees. This form of construction gives the necessary 
degree of stability, and also affords ample room for filling in between 
the rafters with rocks and small stones, thereby rendering the mud-sill 
and plate very secure in their position. 

Our principal engraving shows the face of the dam and abutments, 
the upper and lower plate and the posts being the only timbers visible. 
In the smaller cut is given a complete representation of the framework, 
in which A is the upper plate and E the mud-sill at the up-stream 
extremity of the dam. The rafters B are fastened to the plate and sill 
with strongspikes. It will be observed that midway of the rafter B is 
a timber D, parallel with the plate and mud-sill ; and that to this 
middle plate are attached short rafters C, alternating with the main 
rafters and having their lower ends secured to the up-stream mud-sill 
in like manner with the main rafters. The purpose of these short 
rafters is to give a more firm support to the plank covering of the dam 
at this point, where the pressure of the water is heaviest. 

The main rafters, reaching from the up-stream mud-sill (which is 
bolted to large rocks) to the upper or cap plate of the dam, may con- 
sist of timbers unhewn except on their upper faces, where they should 
be made flat to admit of the laying of the planks, and give an even 
surface to the water side. 

The main timbers of which this frame is composed are 12 by 14 
inches. The bottom plate or sill F lies upon a series of rocks arranged, 



as indicated in our main illuBtratlon, ho hh to form an apron to receive 
the overfall of water and prevent the washing, wearing and under- 
mining of the base of the dam. The posts G are framed into the 
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npper and lower plates as shown in both the cuts, and serve to support 
the upper plate in case the wall should settle in course of time, as it 
IB liable to do to a very email extent- 

The enda of the dam, on each side of the frame-work, are compactl; 
hailt Qp with rocks and small stones in the rear, and in front square 
rocks are carefully laid np to present a smooth front and a permanent 
vail; thus altowin|( the timber work to he taken out and renewed, 
ahould it be necessai^ at any fiitnre period. 

The filling in the interior of the frame-work, as already mentioned, 
is compoaed of rocks of irregular size, from heavy boaldera down to 
cobble-stones; and the dam is covered with planking in the same 
manner, substantially, as described in former chapters relating to 
dams of this general nature. 

The builder of this dam is coniident that it will last a lifetime, and 
that very little expense will be required in repairinK the wood-work. 
The other portions of the structure should of course demand no outlay 
whatever afler having been once completed. 

As an appropriate addition to the account above given, we may here 
describe briefly another dam of very similar nature to the one already 
shown, although in quite another section of the country. The dam to 
which we now refer is built across the Des Plaines river at Joliet. HI. 
It is the lowest dam down the river in the city, there being two Stat* 
dams above it; and is owned by Messrs. Wm. Adam A Co., of the 
" Ci^ Mills." The bottom of the river at this point is limestone. 
The dam has an extent across the stream of 160 feet. Its face is com- 
posed of masonry, with the addition of a mud-sill and cap-sill, the whole 
corresponding almost precisely with the fece of the dam already 
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described, except that there are no upright posts connecting the upper 
and lower sills. 

The mud-sills, which cross the stream, are 12 by 14 inches, being of 

the same size as those in the other dam. The first mnd-sill, at the face 

of the dam, is laid on the rock, which is leveled off as smoothly as 

possible to receive it ; and 40 feet up-stream from this is placed another 

12 by 14 inch sill, parallel with it, the two being bound together with 

timbers 6 by 8 inches, running lengthwise of the stream, and placed at 

I intervals of 12 feet for the whole width of the stream. Around the 

' first mud-sill a stone wall is laid in water-lime, and on the foundation 

, composed of this wall and sill the face of the dam is built, consisting 

of solid masonry, 30 inches in thickness. On the top of this wall is 

placed the 12 by 14 inch cap-sill. This cap^ill or plate is kept in its 

place by means of binders 6 by 8 inches, which extend from tne plate 

to the up-stream mud-sill. These binders are fastened to the timbers 

which tie the two mud-sills together (as already described) by iron rods, 

and are also supported by posts to give them the necessary stability. 

Furthermore, across these binders, wnich run lengthwise of the stream, 

smaller timbers, 4 by 6 inches, are framed, parallel with the face of the 

' dam, to keep the binders from spreading apart, 

! All the timber work tn this dam is dovetailed where cross-timbers are 

i met; and in fastening the framework together, ten kegs of 8-inch 

spikes were used, from which it will be seen that it is not likely to 

become separated by any strain it is liable to undergo. 

I Back of the face of the dam a layer of clay was filled in, clear up 

I to the face of the cap-sill ; back of this, brush, rubble stone and gravel 

were put in; and on top of this was spread a coat of clay. A 

covering of two inch planks was then put on, the whole length of the 

I dam, for a distance of 20 feet from the crest toward the up-stream 

' extremity, next to the face of the dam. Finally, a covering of gravel was 

spread over the entire up-stream slope, with the exception of about six 

i feet along the cap-sill. 

The banks of the stream are faced with a wall of masonry, 
connecting with each end of the dam and forming the abutments. 
There is certainly no lack of stren^h and soliditv in the dam, and its 
manner of construction and selection of material appear to be, for the 
region in which it is located, of a very judicious character. If we were 
to take any exception whatever, it would relate to the use of clay as 
one of the materials for filling, our own experience and observa- 
i tion having cohvinced us that it is less reliable for this purpose than 
7 any other substance used, whether it be gravel, loam, sand or brush. 
Undoubtedly, in the case here described, the other sources of strength 
and compactness in the structure of the dam will preclude any danger 
of injurious results from the presence of the clay; and when thus 
protected hy better material, it may answer as well as anv to a limited 
extent; but in cases where it is expected to resist of itself the inroads 
of the water, we should not regard its use as safe or profitable. 
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CHAPTER XXXII 



DAM FOR QUICKSAND BOTTOM. 

In the issue of Leffel's Mechanical News for November, 1873, ap- 
peared the following inquiry from a Kansas correspondent, over the 
initials **D. P.": "How can a dam be put in with 10 feet of sand or 
quicksand at the bottom T In this inquiry is presented one of the most 
formidable difficulties with which the builder of a dam has to contend. 
We will not pause to discuss on abstract grounds the principles which 
should be followed in a case of this nature, but proceed at once to 
describe a dam in the erection of which the obstacles referred to were 
encountered, and which has shown by its permanence that it possesses 
all the necessary elements of durability. 

Our engraving gives a general view of the dam to which we allude, 
viz. : the "Hydraulic Dam" across the Tippecanoe River at Monticello, 
Indiana, which was built in the year 1849, under the direction of Mr. 
E. A. Magee, for the Hydraulic Co., of that place. 

This dam rests upon a quicksand foundation, and the banks of the 
stream on each side are also of sand. The length of the dam between 
the abutments is 340 feet, its width from up-stream to down-stream 
extremity (exclusive of the apron in front) is 24 feet, and its height 6 J 
feet The abutments, only one of which is shown in the engraving, are 
each* 30 feet long, 12 feet high and 12 feet wide, and are composed of 
timber and rock as hereafter described. The foundation of the dam, 
part pf which constitutes the apron, is laid as follows: commencing 
with the down-stream tier of the apron, the lower extremity of which is 
18 feet from the down-stream edge of the main portion of the dam, 
poles. or small trees .from six to eight inches in diameter at the butt 
and from 40 to 50 feet in length, with all the brush left on at their 
upper ends, are laid lengthwise of the stream as close together as possi- 
ble, and rock enough placed on them to hold them to their position. 
A second tier of the same kind is then laid, the ends of the trees being 
six feet back of those in the first tier; and a third tier follows in like 
manner falling back from the second tier six feet as before. 

Six feet up-stream from the ends or butts of this last tier of trees is 
commenced the base of the dam itself, which is thus already provided 
with a secure foundation, composed of the upper portions of the three 
tiers. As the entire distance from the up-stream extremity of the 24 
ft. dam to the down-stream edge of the 18 ft apron is but 42 feet, and 
as the trees in the three foundation tiers are 40 to 60 feet long, their 
upper portions will of course extend under the whole base of the dam. 
Tne weight of the dam serves to hold them securely in place, and thev 
in turn give the dam a hold upon the bed of the stream of such breadth 
and strength that it is practically immovable. 

For the first course at the base of the main dam, seven sills or 
stringers are laid, cross-wise of the stream, the one farthest down stream 
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beins, as stated, six feet from the ends of the uppermost tier of trees 
in the apron. The ends of these sills are seen in our engraving. 
They are 14 by 16 inches in size, and their distance apart, between 
centers, is 4 feet, dividing the width of the whole base into 6 equal 
parts. They are lapped on each other Where two ends meet, and 
fastened together with 2-inch pins. Their upper sides are counter- 
hewed to receive the cross-timbers, which are put in at intervals of 10. 
feet for the whole length of the dam. These cross-timbers, whose 
direction is of course lengthwise of the stream, are 12 inches square, 
and those in the first course are 24 feet long, being equal to the width 
of the base of the dam. They are counter-hewed and let down evenly 
on top of the first course of stringers or sills. 

The second course of stringers, which are five in number, are 12 
inches square, and counter-hewed on top like the first or bottom 
course, upon which they rest solidly, making, with the cross-timbers, 
a " water-joint." Next comes the second course of cross-timbers, 12 
inches square and counter-hewed, but shorter than the preceding 
course, the width of the dam being less as it approaches the top ; then 
the third, fourth and fifth courses of cross-timbers, all of which are 12 
inches square, and counter-hewed, so as to form the "water-joint" br 
their contact wherever they cross. The fifth or last of the courses of 
stringers consists of a single timber 12 inches square, laid solidly on 
the center tier as shown in the engraving. The outsides of the outer 
stringers, and the ends of the cross-timbers, are beveled so as to 
present a smooth and even-inclined face, which is planked on both 
the up-stream and down-stream slopes of the dam, as shown in the cut. 
The planks used are 2} inches thick, and are fastened to the timbeilB 
with 6-inch spikes. 

By the crossing of the sills and transverse timbers in the frame, with 
water-joints as above described, a large number of cribs are formed ; 
and these are filled with rock up to the comb of the dam. 

The abutments, the dimensions of which have already been stated, 
are comx>osed of timbers 12 inches square, counter-hewed and laid 
solidly one upon the other. They are lapped at the ends and pinned 
with 2-inch pins. Through the interior of the crib thus formed extend 
two courses of ties as shown in the cut, dividing it into three smaller 
cribs, all of which are filled with rock to the top. Outside of the 
abutment, both up and down the stream, for a distance of three feet, 
the bank is excavated, and the sand thus taken out is replaced with 
fine gravel and clay and sand puddle. On the side and end next to 
the water above the dam, sheet piling is driven, and the abutment is 
planked up and down with 2-inch planks. On the upper side of the 
dam and on the brush of the tree-tops projecting above, a coating of 
gravel two or three feet thick is placed. 

It will be observed that this dam by its construction forms an angle 
across the river, with the point or vertex up stream, thus giving it to 
some extent the elements of strength pertaining to the arch, but 
requiring less care in the framing than if a regular curv9 was made 



aeross tibe tstreftm. It should be here stated that the engrayin^ is in 
some respects an imperfect one, as it does not show the planking on 
the abutment; and in the cross section of the dam in the front of the 
picture, the shape and arrangement of the counter-hewed sills and 
cross-timbers are not accurately represented. The cut is, however, 
sufficiently correct to enable the reader, aided by the minute descrip- 
tion we have given, to form a clear idea of the manner in which the 
work is done. 

In building this dam, 15,000 feet of hewed timber, 26,000 feet of 
plank, and 1,575 poles or trees were used. The total cost at that time 
(1849) wais about $4,500, but would be greater now, as labor and materials 
. are both more costly than 32 years ago. The durability of the struc- 
ture, with its broad ba«e and the pyramidal form of the main dam, are 
sufficiently manifest, the strength of the abutments and the weight of 
the filling both in abutments and in the cribs of the dam, being such 
as to give abundant stability, in spite of the unfavorable nature of th^ 
river bed. For a period oi 16 years it required no repairs; but afte^ 
ward the abutments above the water were rebuilt> and some repairs 
were afterward made on the dam itself. 



CHAPTER XXXIII. 



OVERHUNG APRON DAMS. 

Dams of several different kinds, adapted to streams having a hard 
bottom, have been illustrated and described in preceding chapters of 
this work ; and as the one of which we now propose to speak does not 
differ greatly from some already shown as regards the material used 
and the general principle of construction, we nave given only an out- 
line sectional view of it, which will, however, present with sufficient 
clearness all the novel features contained in it. The apron, in fact, 
is the only point in which there is any radical departure from the system 
laid down in former chapters. In this respect, the dam here shown is 
quite peculiar ; but as it has stood the test of practical service for a 
number of years, we must conclude that for the locality and the kind 
of foundation upon which it is built, it is a reliable structure, at least 
under any but the most extraordinary circumstances. 

This dam was built in 1867, Mr. C. Goodnow, of East Sullivan, N. 
H., with other parties, performing or superintending the work. Its 
height is 13 feet, and its length about 60 feet across the bed of the 
stream, at the point where the foundation timbers lie ; while, measur- 
ing on the cap or top of the dam, the distance is 80 feet. One end of 
the dam rests against a ledge, while at the other end is a steep gravel 
bank. 

In the cut (Fig 1) A A represent the foundation sills extending 
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acroBi the stream, which coneiet of whole troaks of trees, lome 24 
inchea in diameter at the butt. These sitla are made flat on their 
upper surface to roceive the cross-sJIls B, which are 12 inches square 
. and locked on the top of the sills A, as shown in the cut, the Kaina 
being 2 inches in depth. The spaces between the sills are filled with 
rocks. The ratlers C are 28 feet in length, 12 inches in diameter at 
the lower end, and 10 inches at the upper end. Thej- are notched 
upon the ivp-etream sill A, and at the other end upon the cap timber F. 
The posts D are 10 inches in diameter, with a 3-inch tenon at each end, 
one being inserted in the cap timber F, and the other in the cross Bill 
B, which runs lengthwise of the stream and resting oa the fonndatioii 
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sills A. The length of the posts D is sufficient ki give the dam, at the 
crest, a height of Vi feet, as already stated. The distance between the 
rafters is 4 feet, from center to center. . 

The manner in which the apron is framed is plainly indtedted, and 
will attract the particular attention of the reader. The sills B project 
down stream beyond the front foundation sill A far enough to receivB 
the posts E, which incline somewhat down stream from the front of 
the aam. At the upper end of the posia B they are framed into the 
cap timber G, from which short timbers extend to the top of the cap F, 
meeting there the npper ends of the rafters. The projection thus 
formed, which we have called the apron, (although it bears but little 
resemblance to that portion of the dams hitherto described) serves to 
carry off the water from the dam, the overflow in floods being frequentlj 
20 to 30 inches deep on the ci'est. Of coarse on any other than a roi^ 
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or Terj hard gravel bottom, an apron of the usuat kind, and of con- 
mderable extent down stream from the baise of the dam, would be 
required to prevent washing and undermining ; but there appears to 
have been no neceBsitj for it in this case. 

It should be further stated that the rafters of this dain are covered 
with planks 2J inches thick, which are st-curcd to the rafterswith 5-inch 
spikes. The total amount of lumber used in building the dam was 
25,000 feet. 

Another dam, stronglj resembling this in its method of conatnictioo 
and in the kind of apron attached, but of a atili simpler form in many 
reapecls, is in nse at Millbrook. Dutchess county. New York. We give 




in Fig. 2 a representation of the manner in which it is built, from 
which it will be seen that nothing more simple or economical in the 
way of frame-work can well be devised. The particolara in regard lo 



s by Mr. V. Anson of Millbrook, who states 
is built has a rock bottom and sides, the 
^eply inclined, as indicated in the cut No 
no timbers are required to rest the braces or 
, _ i footed directly into steps ot notches in 

the rock. The distance between these studs is 5 or 6 feet, or what- 
ever space may be adapted to the height it is desired to give the dam. 
Iq framing the studs into the rafter B, the builder of this dam states 
that he found it much better not lo make long tenons, secured with 
pins, as the timber would give out in and around the tenons. He 
therefore made them quite short, just enough in fact to keep them 



_. ._ e furnished t. 

that the stream on which i 
river bed being quit 
mud sills are laid, a 
studs A A upon, as they a 
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firmly in their places, and omitted the pins; and the resnlts were 
entirely satisfactory. 

The studs A and the rafter B constitute (aside from the apron) one 
bent of the dam; and these bents are placed side by side in a direct 
line across the stream, with intervals of 2 or 3 feet between them. 
Having been set perfectly plumb and properly stayed, the^ are covered 
with planks, 2-inch pine being considered sufficient for this purpose. 

At the foot of each rafler, up-stream, an iron rod C, It inches in 
diameter and 2 feet long, passes through the rafter and into the rock 
for a considerable distance. It is manifest from the position of the 
rafter and direction of the rod that the pressure of the water from above 
the dam will tend to keep the rod in its place rather than to withdraw 
or loosen it; and it will have a like effect to preserve the foothold of 
the studs in the notches cut for them in the rock bottom. 

The cut shows very clearly the construction of the apron, the timber 
D having a slight incline from the horizontal, and being halved on to 
the end of the rafter and secured by pins or otherwise; while near its 
outer extremity it is supported by the brace E. One end of this brace 
is tenoned into the timber D and the other into the stud A, as shown. 
It will be observed that the stud A at the front of the dam is not paral- 
lel with the others, but is drawn in at the foot — the object being to 
avoid the fall of water from the apron upon the foot of the studs, 
which would in time loosen them and weaken the entire structure. 

The studs and rafters are 12 inches square, and the timbers of which 
the apron is made 4 or 5 inches square. It is unnecessary to remark 
that while this form of dam may be entirely reliable on a rock bottom, 
with banks of the same character, and other circumstances of a favor- 
able description, it would be impossible to give it the requisite stren^h 
and firmness, on the majority of streams, without mud sills, and also 
an apron at the front of the foundation, such as we have illustrated in 
former chapters. 



CHAPTER XXXIV, 



STONE DAM WITH PLANK COVERING. 

It will be perceived on a very superficial examination of the dam 
illustrated in the present chapter that it is of an extremely substantial 
nature, and presents no weak point in any part of its structure to lead 
to a destructive inroad of the current The plan of the particular dam 
shown in our engraving is taken from drawings furnished us by Messrs. 
Fassett k Stevens, of Lewiston, Maine; this dam havingj)een built on 
the Sabbatus River at Lisbon, Maine, for Hon. N. W. Farwell. The 
same^ parties have built a number of dams of the same general 
description, it being adapted to any locality where the river has a ledge 
bottom and sides, and in such cases has never failed to give entirt 
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satisfaction. For any other sort of bottom or banks it would of coarse 
be unsuitable, without very material modifications, and the addition of 
abutments, apron, etc., none of which are here required. 

The dam here referred to is about 150 feet long and 10 feet high. 
The body of the structure, as will be seen, is simply a solid wall of 
masonry, of the height above stated, about 14 feet broad at the base, 
perpendicular on the down-stream face, and sloping on the up-stream 
side to a breadth of some six feet at the top. Resting on solid rock, it 
requires no foundation sills; but a bed-sill or timber is provided to 
receive the lower ends of the planking, and other timbers are placed at 
suitable points, as shown, for attachment of the planking in a perfectly 
secure manner. Alf these timbers run across the stream, lengthwise of 
the dam for its whole extent. The bed-sill first mentioned is 12 by 12 
inches in size, and is placed, not directly upon the ledge, but at an 
elevation of about two feet, resting on an intervening foundation of 
brick built in pyramidal form as regards its cross-section, and laid in 
hydraulic cement The purpose of this is to give the bed-sill a perfectly 
water-tight footing, as there might otherwise be a possibility of leakage 
beneath it which would loosen the timber in its position and conse- 
quently impair the security of the planking, The bed-stick is secured 
to the ledge by means of pins of round iron, Ijinches in diameter, and 
of sufficient length to enter the ledge, below the brick-work, at least 16 
inches. These pins are placed at intervals of not over five feet 
between their centers, requiring in all 30 pins for the whole length of 
the timber. They are well driven, and wedged at the lower end to 
prevent any liability to work loose. The manner in which this is done 
is indicated in the engraving, and has also been mentioned in a previous 
chapter; the end of the pin being split five or six inches up and an 
iron wedge inserted, which, when the pin is driven down, comes in 
contact with the rock and is thus forced up, spreading, the point of the 
pin and giving it such a hold as to prevent the possibilitjr of its with- 
drawal. The introduction afterward of fine wet sand will give the 
desired firmness to the pin, and is recommended for this purpose as 
equal to lead or cement. 

The other timbers are of the same size as the bed-sill, 12 by 12 inches, 
and run in the same direction. The manner in which they are secured 
in the stone-work is plainly shown in the illustration, pins of the same 
material and size bein^ used as on the bed-stick, but with the ends 
turned at a right angle, it being impracticable to wedge them as in the 
other case. The timber at the front of the dam is square, while the 
other two, as will be seen, are beveled in such a way as to adapt them 
to the planking. The planks of which the covering consists are 3J 
inches in thickness, and laid as indicated in the cut. 

The stone for such a dam as is here described may be taken from 
any ledge of field stone. About one foot of the thickness of the dam, 
on the face or down-stream side, should be laid in cement mortar, to 
ensure its durability and tightness. 

The shores being each a solid ledge, no abutments are required, it 
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being only^ necessary to make the connection of the dam with the ledse 
perfectly tight by means of the cement and filling. The filling, on the 
up-stream side, may be of dirt, sand and gravel, its only purpose 
being to exclude the water from the base of the dam, - 

The apron of this dam, it will be observed, is a natural one, the front 
of the wall being within two or three feet of the edge of a steep ledge 
about four feet in height, extending across the stream. 

Hon. N. W. FarweU, for whom, as above stated, this dam was built, 
is the proprietor of very extensive cotton mills, and is using several of 
the larger sizes of the Leffel Double Turbine water wheel. 



CHAPTER XXX r. 



TIMBER DAM AT SOUTH HADLEY FALLS. MASS. 

« 

One of the largest dams ever built in the United States is that which 
extends across the Connecticut river at South Hadley Falls, 8 miles 
north of Springfield, Massachusetts. ' It was completed in October, 1849, 
the work having been prosecuted by the Hadley Falls Company, incor- 
porated for this purpose m 1848 with a capital of $4,000,000. ' 

This dam is 1,017 feet long, and 28 to 32 feet in height, and is built 
of timber, with the exception of the interior filling and the abutments, 
the latter being of solid masonry. Before laying the timbers, the rivet^ 
bed, which is of solid rock, was excavated to a depth of 4 feet, and a 
width up and down-fitream of 90 feet, being equal to the^ base of the 
dam. The first sill i^as then laid, 12 by 12 inches in size; /extending 
across the stream, and bolted down to th« bed-rock with two-inch iron 
bolts. Bafters of the same size were then placed lengthwise of the 
stream, two feet apart, extending from the sill to the rock bottom, and 
sloping up-stream, their ends being scarfed to fit the bottom, and 
secured with two-inch iron bolts at both ends. Timbers were then laid 
cr08&-wise of the raflers, two feet apart, followed by another set of 
rafters, and so on until the desired height was reached. The work was 
protected while in progress by a cofier-dam. The size of the timbers 
throughout was 12 by 12 inches, and all were fastened with 2-inch bolts 
as already described. 

The spaces between the timbers were filled in with stone for fifteen 
feet from the bottom, and gravel was laid over this and in front. The 
slope from the top of the dam to the upper edge of the base is 21} 
degrees. The covering consisted of six-inch planks, bolted to the 
timbers, the ridge being double planked; and -at the points where it 
was most exposed to damage by ice it was further protected by a cover- 
ing of boiler-plate iron. About 4,000,000 feet of timber was required 
for the construction of this dam, in addition to the large quantity of 
stone for the abutments, as well as for the filling at the foundation and 
between the timbers. 
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The piers, as already stated, are of solid masonry, but the strain upon 
them is in fact much less than might at first sight be supposed, asr the 
dam, which is built straight across th^ stream, is so constructed as to be 
practically self-supporting. It has in fact withstood the heaviest 
nreshets ever known in the Connecticut river. A striking proof of* its 
reliability was afforded in the great October flood which occurred dome 
years since, when the stream pourinff oyer the dam measured in depth, 
on the cap of the dam, twelve feet, three inches. 

When tne dam was built, the rock bottom was deemed sufficient to 
protect the structure from being undermined by the overfall. At a 
later date, however, the rock under the dam was found to be under- 
mined by the action of the water (when impeded br ice that had gone 
over the dam and piled up in the stream below) so that the whole fabric 
was in danger of sinking. About one million feet of lumber and stone 
was required to fill the excavation ma^ by the water, and build an 
apron sloping from the top of the dam down-stream, its total extent 
being about three hundred feet. ^ , 

The water is admitted by 13 gates to a main canal faced wjtii 
masoniry, 140 feet wide at bottom, 144 feet at the top, and 22 feet denep, 
branching at a distance of one-fifth of a mile from the riv^r into two 
ntiill-races, for the use of factories on different levels. The water from 
the upper race, after moving the mills on its proper level, is conveyed 
back to a point near the river, where it falls into the lower race. The 
motive power afforded by this dam is believed to be without a superior 
in this country. It is utilized in the propulsion of extensive cotton- 
mills, paper-mills, &c., the products of which reach a formidable yes^ly 
Aggregate, and represent we labor of several thousand men. iThe 
dimensions of the dam, and the volume of water which is thus mide 
available for manufacturing purposes may be judged from the fact diat 
the roar of the fall is sometimes heard for a distance of 40 miles ; and 
at Springfield, which is eight miles distant, doors and windows are 
frequently observed to rattle in unison with the vibrations produced by 
the overfall at the dam, and of course more distinctly perceptible in* its 
immediate vicinity. The occurrence of these vibrations has afforded 
an interesting sul^ect of study to scientific men, it being found that 
they vary with the varying temperature of the atmosphere, increasing 
in number as the temperature rises. When the thermometer indicated ' 
70 deg. Fahrenheit, the vibrations were 130 per minute; at 86 de^., 
they rose to 137 per minute. The observations of which this report is 
made were taken by Prof. Snell, of Amherst College. The general 
subject of vibrations of this character has also been investigated and 
discussed by Prof. Loomis, who states that the vibrations have in some 
cases been so marked and continuous as to be a source of extreme 
annoyance to persons living in the vicinity; and it will readily be 
comprehended that the monotonjr of such an effect, when indefinitely 
prolonged, would become almost intolerable to people of very nervous 
afld sensitive organizations. It appears from a number of instances on 
If «ord tkftt ihe vibratiQQs do not occur, or at lea9t do not exhibit tb« 
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ngolarity otherwise attending them, unless the water &lls in an 
nnoroken sheet; and they have been interrupted or altogether stopped 
by a floating log catchine on the top of the dam, or by strips of wood 
attached to the crest of the dam expressly for the purpose. The ques- 
tion whether the air or the earth is the medium oftransmission of the 
yibrations is an unsettled one, although the powerful influence of .the 
temperature of the air upon their frequency would seem to favor the 
theory that they are principally conveyed by that aeency. It is quite 
possible, however, that both the air and the ground, (especially if were 
are extensive intervening ledges of rock, afrording a continuous trauA- 
mitting medium,) may share in this instrumentality. 

We are indebted for many interesting facts relative to the dam above 
described, to Mr. M. H. Arnold, of West Stockbridge, Mass. 



CHAPTER XXX r I. 



STONE APRON DAM. 

In the dam which we illustrate in this chapter, the usual order of 
construction appears to have been reversed, and what would at first 
glance be taken for the up-stream is in reali^ the down-stream slope ; 
while the perpendicular side of the dam, instead of being at the front, 
with an apron at its foot, is at the back of the dam, the whole remain- 
ing i^art of the structure serving in the capacity of an apron, and 
carrying ofl^ the water in a gradual fall or rapid. But notwithstanding 
this reversal of the method ordinarily adopted, the dam here shown is 
believed to possess great durability, and for the locality in which it was 
built is said to be extremely cheap. An examination of the cut is 
sufficient to convince the practical reader that provided the river-bed be 
of a character enabling it to withstand the effects of the current, the 
dam itself has ample power of resistance. 

Our engraving presents a cross section of the dam, and one of the 
crib abutments. The builder is Mr. A. Garnsey, of Sanford, Maine, 
who states that the stream has a hard gravelly bottom — not a ledge — 
and that rough stone, which it will be seen is the material chiefly used, 
is abundant in the vicinity. The length of the dam, across the stream, 
is 130 feet, and the extreme height 10 feet, from the bottom of the up- 
stream mud-sill to the top of tne cap-timber forming the crest of the 
dam. 

In bejginning the work of construction, the bed of the stream was dug 
down to the " hard-pan," and the two mud-sills were laid (the ends oi 
which are shown in the cut) cross-wise of the stream, their size being 
12 by 12 inches, and the distance between them 15 feet. Between these 
sills small stones were filled in, to a level with the top of the sills, as 
shown in the engraving ; and upon the foundation consisting of the 
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sills and stone filling the wall of which the dam is composed was laid. 
The kind of stone employed, and the manner in which it was laid, are 
so plainly shown as to require no explanation. Upon the up-stream 
mud-sill are erected the posts, against the upper and nearly perpendic- 
ular face of the dam (which requires to be as smooth and even as 
practicable) these posts being 6 by 6 inches, and placed at intervals of 
2 feet. Upon the summit of the wall, and with its upper surface flush 
with the top of the posts, is a cap timber corresponding with the mud- 
sills, and of the same size, 12 by 12 inches. 

To the upright posts the planking is secured, extending horizontally 
across the stream, 2-inch planks being used, and laid snugly together. 
Planks are also nailed, as will be seen, to the up-stream mud-sill, 
making them continuous from the base to the crest of the dam. 
Finally, a cap piece consisting of a very thick plank is pinned or spiked 
on the top of the posts and the cap-timber previously mentioned, its 
upper surface being flush with the top of the planking, and the water 
being thus carried over the comb of the dam without tending to displace 
the 12-inch timber. 

The special object of the builder of the dam in adopting this plan 
was, as stated by him, to avoid the expense of constructing an apron of 
timber, stone being very cheap and abundant He suggests the laying 
of stones below the mud-sill on the down-stream side, taking care to 
place them together in such a manner that the water will not roll them 
out of place; and he adds that the further they are extended down- 
stream, the better. This feature is illustrated in the engraving, in 
which it will be seen that the base of the dam is continued down-stream 
for a considerable distance, large rocks being used, set squarely 
together, and so firm in their position that the current will pass over 
without disturbing them. 

If the bed of the stream is clay, or of a sandy nature, spiling should 
be driven down, against the upper side of tiie up-stream mud-sill; but 
the river bottom, m the case of the dam here shown, was too hard to 
admit of spiling being put in, even were it desirable. 

The abutments, one of which is shown in our illustration, are cribs 
of the usual description, logs being laid up and the interior filled with 
small stones, with which other suitable materials may be mixed, to 
make a compact mass and prevent leakage, as described in former 
chapters. 
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PILE AND FRAME DAM. 

The description and illustration given in this chapter, like those in 
Chapter XXXII, were elicited by the inquiry signed D. P." in Leffel's 
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Mechanical News for November, 1873, " how to put in a dam with ten 
feet of quicksand at the bottom." The dam here shown was built some 
years isince in Mobile County, Alabama, by Mr. Andrew McGregor, 
afterward Superintendent of \aughan's Mills at Moss Point, Miss., who 
states that the stream on which it is located has a quicksand bottom 
of eight to twelve feet depth. The average depth of water in the river 
was two feet, the width being 68 feet, and the power afforded, with 10 
feet 2 inches head, was applied in driving two 66-inch saws, each 
cutting an average of 15,000 feet of lumber per day. 

The first step in the construction of the dam was to turn the stream 
with a bay-dam of brush and dirt. A trench was then cut in each bank 
16 feet long and 4 feet wide, down to the water-level of the river. Six 
rows of round piling were then driven, extending across the stream, the 
piles consisting of pine poles 18. feet long and 10 inches in diameter. 
The piles in each row were placed 5 feet apart from center to center, 
and the distance between the rows, up and down stream, was 6 feet 
from center to center. In the first or up-stream row there were 20 
piles, making the total length of this row about 95 feet, extending at 
each e^d about 12 feet into the trench, above mentioned. The other 
five rows each comprised 14 piles, forming, when all were driven, a crib 
or pen about 68 feet long and 30 feet wide, up and down stream. The 
front row of 20 piles, it should be further stated, was continued at each 
end, an addition being made at right angles with the dam, and extend- 
ing 12 feet up the stream, along the bank, thus forming a rectangular 
wing at each extremity of the dam. 

Tenons were then cut on the head of each pile, down to the water 
level, and cap-sills framed on each row across the stream, the sills 
being timbers 12 bjr 12 inches square. Upon the cap-sills were gained 
stream-sills consisting of timbers 10 by 12 inches, which were let in 4 
inches on the cap-sills. On the front row a filling was then put in, 
between the stream-sills, of pieces of timber 8 by 12 inches, and 4 feet 
2 inches long, making a level surface on this row. Flat piles 3 by 12 
inches, 18 feet long, were then driven on the up-stream side of the front 
row of round piles, making close joints, and extending, as alreaiik 
stated, a distance of about 95 feet across the stream and into the trench 
at each bank. This flat piling was spiked fast to the cap-sill, and cut 
off on a level with the top of it. Flat piling, 2 by 12 inches and 18 
feet long, was also driyen along each side row of round piles, and across 
the lower end, or down-stream row of piles, thus completely enclosing 
the crib or pen formed by the round piling as above stated. The 
corners were made secure by driving the piling double at those points 
and lapping joints. • The surface of the crib was filled in or floored 
with sheeting 2 by 12 inches, nailed fast to the mud-sills and the joints 
made as tight as possible, to prevent any chance of washing by water 
running over the dam. 

The rafters consist of timbers 15 feet long, and 10 by 12 inches 
square, framed upon each stream-sill, the foot of the rafter standing 4 
inches back from the face line of the front mud-sill, so that the bottom 
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plank on the face of the dam can be beveled to a tight joint on the 
stream-sills and the filling of short 8 by 12 timbers between them. The 
raflers have 10 feet 2 inches rise, that being the perpendicular height 
of the dam from the stream-sills to the crest. Each rafter is provided 
with three braces of 10 by 12 timber, mortised into the stream-sill with 
3 by 12 inch tenons. The raflers and braces are framed with a view to 
throwing the strain downward and backward, as will be apparent on an 
inspection of the engraving. 

The face of the dam is constructed as follows : for the lower portion, 
reaching one-third of the way up, five rows of planks 3 inches thick 
and one foot wide were put on, the lower plank being beveled at its 
bottom edge to a tight joint with the stream-sills and filling as already 
specified; then five courses of 2-inch planks, same width, and with 
close joints; and for the last or upper third of the face, five courses of 
l}-inch planks, the upper three courses being laid without nailing, so 
that they could be taken off in case of high water. The 3-inch planks 
of the first five courses were fastened with 6-inch spikes; the 2-inch 
planks with 4-inch spikes, and the first two courses of IJ-inch planks 
with twelve-penny nails. 

Against the face of the dam a filling was put in of sand and clay, 
extending up the slope a distance of five feet. This filling is not shown 
in the illustration, being omitted in order to present more clearly the 
construction of the dam itself 

The manner in which the wings or abutments of the dam are built 
requires more specific explanation. The front row of piling, as already 
stated, is so extended as to form a wing at each end of the dam, pro- 
jecting 12 feet into the bank and turning 12 feet up-stream; and 
cap-siiis ivere framed on top of these piles in the same manner as the 
others. In each wing were lien placed five posts, 11 feet lon^, of 10 
by 12 timber, framed on the cap-sills, making the abutment wings 12 
feet high. Flat piling 2 by 12 inches and 22 feet long was then driven 
down, 10 feet into the ground, and spiked to the cap-sills, 24 piles being 
required for each wing. A filling of sand and clay was then put in and 
packed close. When thus finished the wings are not seen, and in order 
to show them the filling is omitted in the engraving. The object in 
turning the wings up-stream is to prevent the possibility of the water 
working its way around the abutments. A similar arrangement, it will 
be observed, protects the bank at the end of the dam from being 
washed out. 

Mr. McGregor states in regard to the preliminary part of the work: 

"It requires both skill and patience to get piling through quicksand. 
I used two 600 lb. hammers, and derricks_26 feet high, raised by two 
mules with snatch-blocks and tackle. Bolted on the derrick in front I 
had two strong bars of iron ; the first, one foot above the sill, and the 
other six feet above, to form guides for piling. Afler placing a pile I 
worked it back and forth to settle and line it; then made it secure, and 
let the driver fall four or five feet, letting the hammer rest on the pile 
for about one minute, and shaking gently afler each fall. By this 
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means I got each pile home, settling them through the sand rather than 
driving, and making a perfect job much quicker than tryins to force 
them through by hard driving. I have followed millwrighting for 
twentj" years, and speak from experience." 

As the mill-foundation accompanying this dam is of somewhat 

peculiar construction, we give a brief abstract of Mr. McGregor's 

account of the manner in which it was built. It is, in fact, simply a 

down-stream continuation of the foundation of the dam. Nine rows of 

round piles were driven, 6 feet apart across the stream, and 10 feet 

apart up and down the stream, the first row being 10 feet from the 

lower end of the crib or dam. Tenons were cut on the head of each 

pile, and mud-sills mortised on, thus constituting an addition of 90 feet 

to the foundation-crib of the dam. ^Timbers extending 90 feet, and 10 

by 12 inches in size, were then framed on the 4th, 8th and 12th 

stream-sills of the dam, continuing those sills down-stream and making 

their total length 126 feet, the width of the addition, cross-wise of the 

stream, bein^ 38 feet from out to out. This foundation was floored 

with 2 by 12-inch plank, nailed to the mud-sills. Posts were mortised 

and framed in, 10 feet apart, 14 feet between joints, for 110 feet, or up 

to the head of the rafter^ of the dam. Two posts were then framed on 

the face of the 4th, 8th and 12th rafters, and stringers put on, 126 feet 

long, making the mill floor 36 feet wide in the clear and 126 feet long. 

The dam being 68 feet in length across the stream, and the mill 38 feet 

from out to out, a space was left, it will be seen, of 15 feet on each side 

of the mill. This space was occupied by the water wheels, which were 

of the description known as "breast wheels" — one on each side of the 

mill, 15 feet wide and 13 feet 6 inches in diameter, and giving 20 feet 

distance from the head of dam to face of wheel. The flumes were 15 

feet wide, 20 feet long, and 2 feet deep, and built in the following 

manner: On each side of the mill, two of the top-boards on the face of 

the dam were cut off, flush with the mill posts and the abutment posts. 

Three posts were framed in on each of the outside stream-sills. The 

posts next the wheels were 10 by 18 inches, and cut out to a radius of 

13 feet 10 inches, so as to admit 1} inch flooring, nailed on to form a 

shroud, to increase the length of time for which the water is retained 

in the buckets of the wheel. The outsides of the flumes were nailed to 

three short posts set for that purpose, and the inner sides to the posts 

of the mill. 

The builder of this dam and mill structure found that by the plan 
above described a very material saving was made in cost of frame ; and 
he also asserts that the work was much firmer than if the two were 
separately built — the frame adding strength to the dam and foundation, 
making it as solid as a rock for the mill. 

In our ]present engraving, as in many preceding ones, the dam is 
shown as if cut in two lengthwise of the stream, giving a cross-section 
of the structure, and exhibiting nearly every part very clearly; the 
river-bed being also shown as if dug out against a part of the up-stream 
face of the dam, in order to show the position of the flat-piling with 
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which that side is protected, the upper part of the piling only being 
visile. 



CHAPTER XXXVIII. 



PILE AND BRUSH DAM. 

In the present chapter we describe a dam which, though embodying 
principles of construction that have already appeared in different com- 
binations in preceding chapters, constitutes as a whole an arrangement 
of materials sufficiently novel to justify a somewhat minute account. 
The dapi here illustrated is located at Mormontown, Taylor County, 
Iowa, and was built in the summer of 1871, by Messrs. Thos. King k 
Co. The stream on which it is situated is a small one, being but about 
60 feet wide, with a sandy bottom and sand or clay banks. The nearest 
point at which stone can be obtained in sufficient quantity to build a 
dam is 15 miles distant ; and as the cost of such material, delivered at 
the spot, would have been too great for the economy it was desired to 
practice, resort was had to other methods of construction. Two or 
three dams had been washed out (in what manner they were built we 
are not informed) at the point where this one now stands ; but this, so 
far as we have learned, has withstood all the floods which have 
occurred, and has shown no signs of giving way. Brush and prairie 
sod were the substitute adopted in place of stone; not as bein^ a 
preferable material, but on acount of the inconvenience of obtaining 
the latter. 

In beginning the work, piles were driven in a row across the river, 
two feet apart, the row making an angle instead of a direct line, the 
middle being some six feet farther up the stream than the ends at the 
banks. A row of piles was also driven along each bank, extending 
down the stream for sixty feet and turning outward at the lower end. 
The piles used were mostly of burr oak, about 12 inches in diameter, 
trimmed and sharpened and driven top in the ground, and squared at 
the top or upper end for tenoning as hereafter described. Short piles, 
sawed 6 inches wide throughout, and 2J inches thick at one end, 
tapering to % inch thick at the other end, were then driven all around 
on the inside of the main piling. Above the sawed piles or sheeting, 
planks were put on, 2 inches in thickness, and the main piling thus 
sided up. 

Along the entire length of the piling, as will be seen in the engraving, 
both at the banks and acrooS the stream, a cap-timber is put on. This 
timber is 8 by 8 inches, and to receive it a tenon 3 by 8 inches is made 
on the top of each of the piles. 

Outside of the piling, and between it and the banks, below the dam, 
a filling of prairie sod was put in, this with the piling itself forming the 
abutment. 
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In constructing the dam, or what might be called the apron, the first 
step requisite was to lay the lower course of the three shown in the 
illustration. The work was therefore begun, at a point below the lower 
piles in the stream, by laying small trees or saplings, without trimming, 
placing them lengthwise, with the tops up-stream, and as thickly as 
api)eared necessary to render them compact and substantial, the layer 
extending from bank to bank. This having been completed, a second 
layer was put on, six or eight feet farther up-stream ; and this was 
succeeded by a third layer, falling back six or eight feet as before, and 
carrying the work so far up-stream that the extremities of the saplings 
reacnea above the piles driven across the strram. The brush was 
worked between the piles, and on their up-stream side the filling was 
put in to the height intended for the dam, 8} feet. For this filling, 
brush and prairie sod were used, sloping up-stream as shown. 

The piles along the banks, forming the abutments of the dam, are 
some five feet higher than those in the dam itself, the effect of this 
elevation of the abutments being that when the water is high enoush to 
run over them, there is no fall over the dam, but a comparatively level 
flow, and consequently no danger of washing below the abutments. The 
piles in this dam are driven into the sand from 12 to 15 feet. The 
water is admitted into the race at a point some 30 feet above the dam. 

n will be seen that comparatively little material of an expensive 
character is used in the construction of this dam, and that a great part 
of the work could be done without the employment of skilledlabor, the 
fi-aming of the cap-timber on the piles being the chief exception. The 
manner in which this dam was built renders it difficult to give a precise 
statement of its cost, Messrs. King & Co. doing most of the work 
themselves, with their own teams, and employing such assistance as 
was necessary by the day or month ; to which they add, " we also had 
some help from our neighbors." They, however, estimate that the danti 
would cost, if all the material were to be bought and the labor hired on 
the usual terms, perhai)s $2,000. Messrs. King & Co. are using a 
James Leffel water wheel to drive their grist-mill, and state that its 
performance exceeds their expectations. 

It should be here remarked that by an inadvertence the planking on 
the further side of the stream, secured to the piles on their bank side, 
is made to appear in the cut as if put on up and down ; whereas it 
should be in a horizontal position, as shown on the nearer bank, where 
the earth is represented as if dug away in order to give a view of the 
planking. 
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CHAPTER XXXIX. 



LOG AND PLANK DAM. 

As regards cheapness of construction, with at the same time all needful 
elements of durability and strength, a very satisfactory result was 
reached in the case of the dam illustrated in the present chapter; but 
it is also to be observed that the circumstances were highly favorable 
to economy, the cost of a large part of the material being absolutely 
nothing, aside from the expense of transportation; and this was not a 
formidable item, as everything required was procurable in the immedi- 
ate vicinity. This dam was built in Lycoming county, Pennsylvania, 
in 1848, and has therefore seen sufficient service to entitle the plan of 
its construction to considerable confidence. The stream at this poi^t 
has a gravel bottom; the west bank is sand and the east bank a sandy 
loam, and their average height is about 4 feet above the water line on 
the up-stream side of the dam. The total length of the dam is 75 feet, 
and its height, from the down-stream water line to comb of dam, 8 feet. 
Round timbers are used throughout (with the exception of parts of the 
abutments, as hereafter specified), and the planking is hemlock joists 3 
inches thick. 

For the foundation, five sills were first laid across the stream, their 
diameter being about 16 inches. Upon these, eight sills were laid, 
lengthwise of the stream, of the same size as the foundation sills; and 
between these stream-sills shorter timbers were placed, parallel with 
them, laid snugly together, and with their down-stream ends flush with 
those of the stream-sills, but extending up-stream only as far as the cen- 
ter log of the dam, which rests on the stream-sills and runs across the 
stream. The ends ot this center-log, and of three similar logs in a ver- 
tical line above it, are conspicuously shown in the cut The purpose of 
the builder in allowing these timbers, intermediate between the stream- 
sills, to extend only to the center of the dam, instead of running them 
quite through to the up-stream mud-sill, was to let the interior filling, in 
the up-stream half of the dam, rest on the gravel bottom of the river; 
while below the center log, or in the down-stream half of the dam, the 
filling rests on the stream-sills and the shorter timbers lying compactly 
between them, giving weight and a corresponding degree of stability to 
the dam. Furthermore, the projection of the stream-sills and the short 
timbers in front of the dam, constitutes, as will be seen in the engrav- 
ing, a very substantial apron, so that the water, after coming over the 
slope of the dam itself, strikes these projecting timbers and runs off 
smoothly, avoiding ahj reaction or the formation of a bar below the dam. 

The length of the eight stream-sills is 25 feet, and of the projection 
in front of the dam about six feet. The short timbers between the 
stream-sills, to reach to the center of the dam, must therefore be about 
15 feet long. They are put down as solidly as possible and " spotted" 
upon the foundation-sills on which they rest. 
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The next step was to lay the first and lowest of the fonr center-Ion^ 
already mentioned. For this purpose a timber as large as could be 
conveniently obtained was employed, 15 inches or more in diameter, 
the object being to give the dam as rapid an elevation as possible, a less 
number of ties being thus required. Other timbers of somewhat 
smaller size were laid parallel with it, as shown, and round ties or raflr- 
ers placed on them, the upper end of each resting on the center log, to 
which they were notched and pinned, the lower end of the down-stream 
rafter pinned to the log resting on the stream-sills, and that of the up- 
stream rafter to the up-stream mud-sill. This end of the up-stream tie 
is therefore not seen in the illustration, being concealed by the streanf- 
sill behind which it passes. 

Another center log was then put on, directly above the first, and ties 
notched and pinned on in the same manner as before, their lower ends 
being secured to the same timbers as the ties already laid. Then came 
a third center log, and a third tier of raflers or ties, notched and pinned 
and their lower ends resting respectively on the upper cross-sill at the 
down-stream face of the dam, and on the foundation-sill at the np-stream 
side. Between the successive tiers of rafters small timbers are intro- 
duced, parallel with the center logs and cross-sills, as shown in the en- 
graving, their purpose being to give the rafters a solid bearing. 

Finally, the fourth or topmost of the center loss was put on, and on 
each slope of the dam three bearers parallel with it, and of about the 
same size, were laid as shown in the cut. These bearers were hewed 
on one side to receive the covering, both slopes of the dam being 
sheeted with 3-inch hemlock planks. 

The whole interior of the dam was filled with stone and gravel; and 
on the up-stream side, from the bed of the stream up to the foot of the 
planking, a depth of about three feet, a filling was put in of round creek 
gravel, slate gravel being added on top of this until the entire filline 
extended about halfway up the slope of the dam. We have indicated 
in our engraving a course of flat or sheet piling at the foot of the up- 
stream slope, although the builder of this dam informs us that no piling 
was used. We think it would be advantageous to introduce foot-piling 
against the up-stream mud-sill in the manner we have shown, securing 
it to the sill, as in this way the water would be prevented from working 
under the dam, in case the gravel filling should not entirely exclude it. 
The builder of this dam considers it best to extend the planking no 
farther down the slope, on the up-stream side, than the top of the sill or 
bearer resting on the stream-sill. By this method more space is given 
for the gravel filling than if the plankins extended down to the river- 
bed, ana he is of opinion that the gravel, having access to the mud and 
stream-sills, will effectually close tne leaks ana will in due time settle 
into a compact and impervious mass. ^ If the planking is to run to the 
bed of the stream, he advises the digging of a puddle ditch or trench to 
render the foot of this slope perfectly secure against leakage. 

One end of this dam abuts against the foundation of the mill; at the 
other end, which is the one shown in the engraving, is an abutment of 
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the nsual desciiption. This is built of timbers hewed on three sides, 
and put up with the ties dove-tailed into the front timbers and notchea 
into the back timbers. The ties and the back timbers are round. The* 
face timbers of the abutment are 25 feet long, being equal to the width 
of the dam, and are notched, at the base of the abutment, upon the ends 
of the foundation-sills of the dam. At the ends of the abutment, the 
ties, hewed on three sides, are run into the bank at an obtuse instead of 
a right angle, the ties of the down-stream wing bein^ about 12 feet and 
those of the up-stream wing 10 feet long. The interior of the abutment 
is filled with gravel and stone. Its height is 6 feet above the crest of 
the dam, or 14 feet from the water line below the dam to the top of the 
abutment. 

The heaviest of the timbers used in building the dam were generally, 
as already stated, about 15 inches' in diameter, the lowest of the center 
logs being stili larger than this. The ties' or rafters running from the 
center up and down stream to the mud and cross sills were not more 
than 10 inches in diameter, on an average. 

The bank on the side of the stream on which the abutment is located 
is not quite so high as represented in the engravings being about two 
feet below the top of the abutment, or four feet higher than the water 
line on up-stream. side of dam. 

The cost of this dam, as stated by the builder himself, will be con- 
sidered extrejnely moderate. He says : " I put this dam up in 1848 for 
$153. I hired labor 'for $1.00 per dav, and teams for $2.50, and filled 
the whole with .stone up to the. planking. The stone was handy; had 
to haul it but a short distance. . " . 

The plank cost, delivered, $5.cx} per thousand feet, making - . - - - $ 28 oo 
Total labor and hauling, .--.-' 125 00 

Total cost, -.---,- -• -. - - - - ■ * t^S3 00 

The timber i^as rough hemlock, cut on our own land, and. we did not 
consider it worth anything. When timber is plenty, I consider this as 
cheap and durable a dam as can be built." 

It will be seen that the expense of constructing such a dam at the 
present time, or under circumstances less favorable as regards cheap^ 
ness of materials and convenience of obtaining them, would be 
considerably greater than indicated by the foregoing figures.^ This 
fact should be borne in mind in estimating the cost of any similar 
structure; but the full description we have given will etf able any one 
interested to judge of the comparative cost of the work in a different 
locality and in a time of higher prices than were in vogue 33 years ago. 

The mill for which this dam furnishes the motive power is situated, 
as above-mentioned, on the shore of the stream opposite to the abut* 
ment, the flume being directly between the mill-house and the dam, 
and a wing of the mill building extending out over the head-race. As 
the tail-race is carried . along the side of the stream and in close prox- 
imity to the current, the builder says: "I run a small crib from the 
dam down the creek, built of small round timbers, averaging from 8 to 
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10 inches in diameter. The crib was 6 feet wide and about 4 feet high, 
and was filled with stone. The object was to keep the water, afler it 
passed over the dam, from entering the tail-race. I started below the 
dam and sunk the tailrace down to gain head, making about 18 inches 
by that method." 



CHAPTER XL 



FRAME DAM WITH SHEET PILING. 

Upon either a mud, sand or gravel bottom, the description of dam 
presented in this chapter will be found, it is believed, a satisfactory one 
in all respects ; and although not so economical in cost as some which 
have been previously illustrated, it still does not compare unfavorably 
with other plans, for the locality in which it was built. The best 
evidence of its merits is the fact that it has proved to be reliable where 
other methods of construction had signally failed. Preliminary to 
building this dam (which is situated 2\ miles from Pittsburg Landing, 
Hardin county, Tennessee), a temporary dam of brush and ditt was 
thrown up to turn the water from the spot where the work was to be 
carried on, A ditch was then cut extending across the stream, from 
bank to bank, a distance of about forty feet. A mud sill 12 inches 
square was laid at the bottoni of this ditch for its whole length, and 
in this sill mortices were cut at intervals of 4 to 6 feet to receive the 

gosts. The posts are 12 inches square and cut to a len^h equal to the 
ead of water it is intended the dam shall afford, which is in this case 
4 feet. This is the rule adopted by the builder of this dam, his theory 
being that the pressure to be resisted by this part of the structure is 
the same, and requires the same length of timbers, as in the case of 
the superstructure. He, however, expresses the opinion that for a 
much higher head the liength of the posts in the ditch need not be 
proportionately increased, and that, for example, posts 10 feet long 
would be sufficient if the dam were to give 15 or 20 feet head. In our 
cwn view, posts of much less length would answer equally well, as the 
lateral or sidewise pressure of earth is a very different thing from that 
of water. It need Lardly be remarked that the depth of the ditch, the 
digging of which is the first item in the work, will be determined by 
thelength it is intended to make the posts — the top of the post, when 
set, to oe about one foot below the ordinary level of water in the 
stream. ^ . .- . 

The posts having been framed into the mud-sill, a cap-sill is put on 
top of mem, reaching the whole length of the dam. A double row of 
sheet piling is then nailed on the up-stream side of the frame com- 
posed of tne mud and cap sills and the connecting posts, the two 
courses of piling being so placed as to break joints. The piling may 
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be of any suitable thickness, but should all be of the same width, 
in order tnat it may be snugly put on, one row covering the joints of 
the other. Another sill, 12 inches square and 40 feet long, is then laid 
across the stream, on the river bed, at a point 20 feet down stream 
from the cap-sill on the i>osts. Stream-sills or sleepers of about the 
same size, and 20 feet long, are put on, their up-stream ends fitted to 
the cap-sill, and their other ends to the parallel down-stream sill. 
The stream-sills may be placed 3 feet apart The ends which connect 
with the cap-sill are halved with it so that the stream-sills rest on the 
post and the cap-sill is let in upon the stream-sill, as shown in the 
engraving. At its lower end, the stream-sill is laid on top of the cross- 
sill, and spiked or pinned to it. The flooring is then put down, for 
which purpose 2-inch planks may be used. In our illustration the 
flooring is shown running cross-wise of the stream ; but if sleepers 
were laid across the stream-sills, the planks for the floor could then be 
put on lengthwise ofthe stream, which we think the preferable method. 

Upon the platform thus constructed, 40 feet across by 20 feet up and 
down the stream, the posts, rafters and covering of the dam are placed. 
The posts are 12-inch timbers, of sufficient length to give the dam a 
perpendicular height of 4 feet, and are set on the floor, the foot of each 
post being directly over a stream-sill, and firmly spiked down. Upon 
the top of this line of posts a 12-inch cap-timber is framed, and from 
this cai>-timber the rafters, equal in number to the posts, extend to the 
up-stream edge of the floor, where their lower ends are secured with 
12-inch spikes. For the slope here given to the dam, the rafters would 
require to be about 8 feet long. A shoulder is cut on the upper end 
of each to fit them to the cap^;imber; and the rafters are then covered 
in the same manner as the apron or floor already described. 

For the abutment, a ditch should be dug, ana a mud-sill, posts and 
cap-sill put in, on the same plan as above indicated for the dam, with 
the same protection of sheet piling, in a double row, on the water 
side of the posts. A wall of hewed logs is then laid up, 40 feet long, 
its lower end being even with the down-stream extremity of the dam, 
and its upper end 20 feet up stream from the ditch at the base of the 
dam. At each end, the abutment is turned at a ri^ht anple and carried 
back into the bank ; and timbers may also be built-up in the rear and 
ties inserted connecting the face and back of the abutment, forming a 
strong crib of the same general description as those- representedin 
former chapters. The interior of this crib should be filled with earth, 
gravel or rock. The height of the abutment here shown is about 8 
feet; and it should, in any given case, be carried up far enough to be 
a little above the highest stage of head water, to prevent the stream 
from, washing over or breaking around and injuring the banks. The 
cracks between the logs are stopped with planks to prevent leakage 
into the crib. In the engraving, planking is shown put on vertically, 
extending up to a level with the crest of the dam ; and if the whole 
face of the abutment is covered in like manner, it will be all the more 
secure. Hewed logs are preferred to other lumber for erecting this 
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abutment, as being more durable and equally satisfactory in other 
respects. 

The chief peculiarity of this dam, and one which seems to recom- 
mend it for any suitable locality, is the manner in which the sheet 
piling at the base of the abutments is secured, being fastened to sills at 
both the top and bottom of the piles, instead of driven down into the 
river bed in the ordinary manner. Mr. John H. Macdonald, of Pyburn's 
Bluff, Tennessee, wHo erected this dam in 1867, describes his previous 
experience in the use of piling as follows : " In 1866 I built this mill, 
and drove the spiling to a depth of 5 feet. I thought I had one of- the 
best jobs in the world, and it was nice at the top. In June, 1867, mj 
dam undermined, and everybody cried out ' Rat ! ' On examining it 
carefully, I found that it was the fault of the spiling, and when I ditcaed 
it out I found it in this shape : Stick your three finsers out straight — 
then draw your second finger forwara — ^you can then see how my 
spiling was at the lower end. Now I suppose this is the case with all 
drove spiling ; and no wonder the rats get so much abuse. Suppose a 
rat cuts a hole in the drove spiling, and the water commences running 
through; there is nothing at the lower end to hold, and the spiling 
begins to give way, one by one, till all is gone or ruined. The advan- 
tage my plan has over spiling is this : suppose a rat does cut a hole 
through the spiling, all the water can do is to pour through the hole. 
It cannot affect the dam, for the spiling is fast at the bottom and top. 
It must move the whole of the dam and mill and abutment at the same 
time. I feel assured that parties who build their dam and abutments 
in the nianner I have described will save money in the long run, and 
the rats will go in peace." 

Mr. Macdonald also states that at the point where he built this dam, 
four mill seats had been undermined and ruined and three owners 
broken up; but the dam here described has now been standing (in 
1874) seven years and is still sound. It is our impression that the 
flooring or apron planks of Mr. Macdonald's dam run lengthwise of the 
stream instead of across it, resting on sleepers transverse tb the stream- 
sills as suggested in the foregoing article ; but our engraving was made 
from data in which the transverse sleepers were not included, and the 
flooring was therefore represented resting directly on the stream-sills 
and crosss-vr.se of tlie river. 
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DOUBLE GRIB DAM— TRESTLE DAM. 

A method of constructing a dam which may interest our readers by 
the somewhat novel features it possesses, is presented by a structure of 
this kind on the Dakota or .Tom pa river, in Dakota Territory, erected 
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by Mr. D. Shearer. The bed of the river is a mixture of clay and sand, 
and is not very solid. The banks are of cla^, quite firm and reliable, 
14 feet high on one side, while on the other side is a bluff some 75 feet 
high. The distance between them is about 100 feet The dam consists 
01 what may be called a double crib, with an intermediate filling, an 
up-stream filling or slope, and a double apron of stone on the down- 
stream side. 

In the first place, a log crib was built, straight across the stream, 8 
or 9 feet high, and of sufficient width to give it the necessary stability, 
say 8 feet. This crib was filled with rock and clay, and 12 or 14 feet 
farther up stream another crib was built, similar to it but only 4 feet 
high, and of proportionate width. Stringers or ties were put in, 
extending between the cribs and holding them firmly together, and the 
space between them was filled with rock and clay. Above the up- 
stream crib, also, a filling was put in of the same materials, these being 
close at hand and costing little or nothing. 

The apron is terraced, so to speak, consisting in other words of two 
long steps, giving it the form of the log aprons illustrated in previous 
chapters, where the successive courses of logs fall back as they rise, 
giving the water a gradual descent. The apron in this case is built of 
rock, the part next to the front or down-stream crib of the dam being 
4 feet high and extending down stream 14 feet. Below this is the 
second apron or step, also of rock, 2 feet high where it joins the first 
apron, and extending 12 feet down stream, sloping at the same time to 
a height of only 1 foot at its lower extremity. This gives a total 
extent of apron, lengthwise of the stream, of 26 feet, and the water is 
thus very smoothly and gradually carried away. The entire width of 
the base, from the up-stream extremity of the filling above the upper 
crib to the down-etream extremity of the stone apron, is about 60 feet, 
while the length across the stream, as above-mentioned, is 100 feci 
With so broad a base, relatively to the height, the latter being only 8 
or 9 feet at the highest point, or surface of the down-stream crib, it will 
be seen that even with a strong current and a large volume of water, 
the dam is not likely to be carried off. The use of clay in the filling 
is the only feature which leads to any apprehension of injury by water 
working its way through ; but the distance it must penetrate to do any 
material damage, and the use of rock in connection with it, render any 
disaster of a serious nature highly improbable. If a moderate propor- 
tion of sand or loam were also employed, so that any small inroad or 
gap which the water might produce would be speedily closed by the 
settling together of the materials themselves, there would be still less 
liability of trouble from this source. 

The canal or race to convey the water to the mill is to be commenced 
at a point 10 or 12 rods above the dam. We should here remark that 
although we have in the foregoing account spoken of this dam as a 
structure actually completed and in service, it was in fact only in con- 
templation at the time our data concernins; it were obtained ; but we 
believe it has been built substantially upon the plan above described. 
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TRESTLE DAM. 

For a locality in which it is intended to obtain but a comparatiyelj 
low head, say not above 3 or 4 feet, a dam of very simple and cheap 
construction may be built, resembling somewhat the frame dams 
described in preceding articles, but of much less weight of timber and 
expense of framing. For a dam 3 feet high, trestles may be made of 
round timbers 6 or 7 inches in diameter and from 9 to 10 feet long, 
these constituting, with their covering of boards, the slope or upper 
surface of the dam. Near the upper end of each of these rafters l&ree 
supports or legs are inserted, close together at the point where they 
enter the rafter, but spreading below in a direction parallel with the 
stream, thus giving them the requisite firmness against longitudinal 
pressure. The holes for insertion of the legs may be made with a 
2-inch aucer. The trestles thus constructed are set about 3 feet apart, 
with the legs down stream, and the up-stream ends of the rafters 
settled thoroughly into the gravel or mud ; or if the bottom is rock, 
the ends of the rafters should be beveled so as to fit upon it snugly. 
The trestles are set in a straight line across the stream, the rafters 
being in an even range so as to receive the covering in a regular and 
uniform manner. For the covering, inch boards are sufficient, secured 
to the rafters with nails. In putting them on, the work should be 
commenced at the top and continuedtoward the bottom of the slope. 
If the stream is a large one, a second course of boards may be put on, 
nailed on top of the first This second course will run up and down, 
parallel with the rafters and the direction of the stream, the first course 
being necessarily laid crosswise of the stream. A filling of gravel, or 
of small stones, sand and loam is now put on the upper surface of the 
dam, and the work is finished. The strength of the fabric may be still 
further increased if it is underpinned with rock, and flat stones placed, 
broad side down, in front of the legs supporting the trestles. When 
thus strengthened, it is claimed that no liability of settling exists, and 
that the dam is absolutely secure from being washed out. 

Mr. John F. Hazzen. of Sonestown, Pennsylvania, who furnishes us 
with particulars in regard to this dam, pronounces it, on the strength 
of his own experience, a cheap and good one. He states that he has 
used a dam of this kind at his mill for over twenty years. He also put 
in one of similar construction, five miles farther down on the same 
stream. This dam was but 20 inches high, and no difficulty was ever 
experienced with it. It resisted all the floods that ever passed over it, 
and when removed had to be torn out. The river has what is called a 
"rolling bottom," composed of ^avel and sand, and is said to be a 
very hard stream on which to hold a large dam in place, in case of the 
water washing under ''■ and the dam consequently settling or tending 
to float off^ bodily. 
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CHAPTER XLII. 



LIGHT FRAME DAM. 

The actual length of the dam illustratad herewith is 264 feet, and 
including the planking of the abutments, amounts to about 300 feet ; 
but in order not to reduce the scale of the engraving so low as to 
prevent the construction from being distinctly shown, the length of 
dam, as represented in the cut, is but about 100 feet, its height to the 
water line being 7 or 8 feet. It is situated in Stephentown, Rensselaer 
county, New York, and was built by Mr. Eugene C. Goodrich in 1872, 
to run a circular saw and planing mill. The stream is a small and 
fluctuating one, and has a bottom of clay, gravel and mud. The object 
of the builder was to construct a tight dam, entirely of wood, to form a 
reservoir. The area of the reservoir thus obtained is about eight acres. 

The foundation consists of three rows of large elm logs or mud-sills, 
laid crosswise of the stream, about 4 feet apart, each log from 12 to 24 
feet long, as convenient; the logs of each row breaking joints with 
those of the i^xt row. These are laid in trenches frcm 2 to 3 feet 
deep. Across these mud-sills are laid the cross-sills, lengthwise of the 
stream, 12 feet long, 9 inches square, and placed 6 feet apart. These 
sills are notched 1} inch on the bottom, where they cross the three 
mud-sills, and pinned with 1} inch pins. The mud-sills are spotted 
from 3 to 6 inches deep, and faced on the up-stream side. The cross- 
sills are also notched 1 J inches deep on the top, a little up-stream from 
directly over each mud-sill, to receive the foot of the posts and the 
lower plate. 

The posts, or braces, of which there are two courses, are 6 by 7 inches, 
the wide way being put lengthwise of the dam, and are pinned at the 
foot with 1 J inch pins, without tenoning. There are three plates running 
lengthwise of the dam and supporting the rafters, each plate consisting 
of pieces 12 feet long, put in to break joints. The lower plate is 8 
inches square, and rests directly on the cross-sills at the up-stream foot 
of the dam, in the IJ inch notches before-mentioned. The middle 
plate is 7 inches square, and rests on the short posts, which are about 
3 feet long, a 1 J inch tenon being made on the upper end to hold the 
plate on, and a f inch pin put in. The upper plate is 6 inches square, 
resting on the long posts, which are about 6 feet in length, and framed 
and pinned in the same manner as the short posts. The distance 
between the lower and middle plates is about 3} feet, and between the 
middle and upper plates 4 feet The posts are set at a right angle with 
the raflers, ana at an angle of a little less than 45 degrees with the 
cross-sills. Braces 4 by 5 inches square are also put in between the 
middle and lower plates, over the cross-sills. 

The rafters are 4 by 5 inches, and 3 feet apart between centers, 
every alternate one being over a post and cross-sill, and pinned with 
l-inch pins. In the general view of- the dam in our engraving, only 
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half the rafters are shown, those occurring between the posts beins 
omitted. The lower ends of the alternate rafters mentioned, which 
are those shown in our engraving, are notched over the up-stream ends 
of the cross-sills, and pinned so as to bind all firmly together. The 
frame-work is all red oak. The planking is chestnut, 2 inches thick 
for about two-thirds of the height from the bottom, and IJ inch thick 
for the other third. Every plank is grooved, and tongues of oak } by 
H inch put in. This the builder considers a very important item in 
a tight dam. The planking in the abutment is also tongued, and even 
the spiling at the bottom. The planks are only 6 feet long, and are 
thoroughly pinned with }-inch oak pins. 

At the up-stream ends of the cross-sills there are short oak posts 
driven down in the ground (of the same size as the rafters, 4 by 5 
inches) and pinned at their upper ends to the cross-sills, to which are 
spiked 2-inch planks 12 feet long. To these the upper ends of the 
spiles are spiked, the planks also forming a tight joint at the angle 
between the spiling and planking. The spiles are of IJ-inch chestnut ,. 
plank, tongued — tnough any kind of wood will answer, as being 
entirely under water at all times, it will last an indefinite period. The 
spiles are 4 feet long, more or less, according to the kind of bottom in 
which they are driven, and are sharpened on the flat sides and driven 
tight together. This is a slow and tedious process, but is of vital 
importance. 

The ends or abutments are formed by perpendicular posts and 
planking, even with the foot of the dam, similar to the rafters and 
planking of the main dam, extending 12 feet into the bank at the west 
end and 24 feet at the east end. Below, or on the down-stream side 
of this upright part, there is a solid bank of dirt and brush filled in, 
about as high as the water line, some 10 feet thick, and very firm and 
compact. There is also a filling of mud, dirt and gravel on the water 
side of the abutment, and along the whole length of the dam, extend- 
ingabout 3 feet up the'planking. 

The apron is 60 feet long, and, as will be seen in the illustration, its 
upper edge is even with the upper plate of the dam. There are at 
present no flash-boards, but is the intention of the owner to put them 
on the coming season. The apron is planked directly on the main 
posts of the dam, (which are supported by braces between the middle and 
upper plates) with 2-inch planks, so that the water will slide instead of 
falling over it. At the bottom are 12-feet planks 3 inches thick, 
placed lengthwise of the stream on two long mud-sills, their upper 
ends resting on the third or down-stream mud-sill of the main dam, 
and pinned with 1-iuch pins. At the foot of the posts, across the 
3-inch planks, is a 2j-iiich oak plank to receive the force of the 
descending water and the shock of flood-wood coming over the apron. 
One-tenth of the capacity of the apron will carry the stream at an 
ordinary stage but it sometimes rises very rapidly and to a great 
height. 
No spiling is considered necessary at the lower end of the apron. 



In addition to the general view, we give a smaller cut showing s 
cross-Rection of the dam, in which the parts above described wlli be 
readily' identified. 




Fio. 2. 



About 22 000 feet of lumber was used in the construction of this 
dam, valaed at $550, and the cost of labor was about $950, making the 
total cost of the dam $1,500. The builder is confident that a cheaper 
dam of the length and size could not well be made, light timbers being 
used throughout. 

The stream on which this dam is built takes its rise in Berr; Pond, 
in Hancock, Berkshire county, Massachusetts, the peculiar location of 
which renders it worthy of a passing notice. The pond, which is about 
three miles above the dam and covers an area of some 20 acres, is 
situated on the summit of a mountain, only a very small extent of 
ground being higher than the level of the water. The pond '<• it an 
elevation of about one thousand feet above the surface of the 
formed by the dam. 
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CHAPTER XLIII. 



DAM FOR ROCK AND SAND BOTTOM. 

The stream on which the dam illustrated in this chapter is situated is 
known as the Little St Francois, the location of the dam being 1 J 
miles northwest of Fredericktown, Madison County, Missouri. The 
course of the stream at this point is between high bluffs of porphyry, 
which seem to have been upheaved by some tremendous power beneath. 
The rocks are full of fissures, and the bed of the stream presents the 
appearance of large boulders, ten to fifteen feet in length and breadth, 
having been taken out at irregular intervals, and the cavities filled up 
with gravel and sand. The dam here referred to was built in 1869 by 
Mr. John T. Lee. He states that between the sloping solid rock bluff 
(shown in our engraving) and a large "hump" in the oed-rock in mid- 
stream, was a space filled with sand and gravel of unknown depth, in 
which he buried large white-oak logs, below the general level of the bed- 
rock, with the large ends down-stream, and extending about 8 feet be- 
low the face of the dam, on which to place the apron for this portion, 
no other part requiring any. Gains were cut in the round logs, and by 
chipping the bed-rock a place was made for the mud-sill as low down as 
possible. This mud-sill, running across the stream, was keyed in the 
gains in the logs and bolted to the bed-rock. The method adopted for 
bolting to the rock was to drill a hole from 6 to 10 inches deep, take an 
inch bolt and batter the end until it could just be pushed to the bottom 
of the hole, set it perpendicular and pour in melted lead or brimstone 
until the hole was full. The timber was then put down and fastened 
with a nut. 

The dam is 110 feet long, 10 feet high from level of tail water, and 18 
feet wide, and is built of sawn white-oak timber. The down-stream 
mud-sill is 10 by 12 inches; the cap-sjll 8 by 10 inches; the upright 
posts 8 by 8 inches, and put 6 feet apart, mortised into the cap and mud- 
sills with short tenons and not pinned. There are also two up-stream 
mud-sills, the first put as low as possible, in a level position ; and at in- 
tervals of 6 feet, timbers 6 by 8 inches, 18 feet long, are placed on the 
up-stream and down-stream mud-sills, serving as cross-ties, and bolted 
to the down-stream mud-sill with f inch bolt and nut. The top up- 
stream mud-sill was next put down, and bolted down through the cross- 
tie to the lower sill, a nut being used wherever access could be had to it 
on the under side with a wrench. The face or down-stream side of the 
dam inclines up-stream about one foot from the perpendicular, and the 
cap-sill is bolted to the solid bluff. The rafters, which are 3 by 8 inches 
and 2 feet apart, were put on in the following manner: a gain was cut 
in the upper corner of the top up-stream mud-sill, in which to place the 
foot of the rafter in such a manner that in order to slip down-stream it 
must slide up an inclined plane. The cap sill was also gained so that 
the rafter might have a bearing the full width of the sill. The rafter 
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was sained at ibis end so as to give it a shoulder^bout i inch deep on 
the downHSfcream side of the cap-sill, and extended abont 10 inches be- 
yond the cap-sill, so that the water mi^ht fall clear of the mud-sill. 
Spikes 12 inches long were made out of i inch rod iron and driven with 
a sledge-hammer through the ends of the rafters (which were bored for . 
the purpose) into the cap and lower sills. Under each rafter were put 
two Draces, 4 by 6 inches, half the upper end of each brace being cut 
out to form a shoulder for the rafter, to which it was bolted with a | 
inch bolt and cut. The lower end of each brace stands on the solid 
bed-rock, the brace leaning up-stream. 

The first plank was then put on the lower ends of the rafters, its edge 
being beveled so as to make a true face with the top mud-sill. The 
spiling was then put in at the up-stream foot of the dam, in the follow- 
ing manner: oak planks 10 inches wide and 1 inch thick were sharpen- 
ed at one end, wedse-shape, from one side only, driven down and 
drawn up again, ana the battered places re-sharpened until the whole 
ed^e was of uniform shape. The plank or spile was then set and 
nailed to both sills and the covering plank, the beveled side of the 
spile being down-stream, or next the dam. The row of spiling was 
then doubled, the second row being of the same lumber, breaking 
joints with the first row, but having its beveled side up instead of 
down stream. A filling of sand and gravel was put in, up to the top of 
the spiling on its upper side ; and under the dam, against the two 
up-stream mud-sills, loose boulders were put in, extending up to and 
among the rafters for about one-third their length. The dam was then 
double-planked with inch boards, the first layer being of oak, the upper 
one of pine. The preference was given to pine as oeing less liable to 
warp in the sun. At the top of the dam, to finish it, a 2-inch oak 
plank was laid and well spiked on. 

This dam has sustained several very heavy freshets, but at our last 
advices presented no appearance of yielding in any part, except the 
top plank just mentioned, which was badly torn by logs and trees, 
these coming in innumerable quantities during the freshets, and rush- 
ing through the narrows with great rapidity. 

The dam contains, in the aggregate, 12,000 feet of lumber, costing, 
at $15 per thousand, $180. The liu>or of two workmen, who built the 
dam in thirty days, is put down at $60, and the cost of nails, bolts, etc., 
is estimatea at $25. The total cost of the dam, therefore, by the 
builder^ s figures, was $265. 

OVERHUNG APRON DAM. 

On pages 108 and 109 we have illustrated two dams of the " over- 
hung apron" construction; and we now give a sectional view of 
another of the same general nature, but differing in some of the prac- 
tical details sufficiently to warrant a brief description. The builder of 
this dam is Mr. S. E. Cross, of Burlington, Kansas, the location being 
on the Neosho river, at that place. It was found necessary to remove 
a dam already in, which was of too light construction to be reliable. 



and erect this in iH stead. The river bed at this point is limestone. 
The bottom sills of the dam are 12 feet long, 10 by 12 inches, and are 
fastened to the rock by tWo iron bolls 3 feet long and 1)^ incheBin 
diameter, the holes being drilled so small th&t a heavy sledge ia 




required to drive the iron pin into the rock. The }-inch bolt shown st 
the foot of the dam up-stream, passing through the rafter, cross-timber 
and bottom eill, is put through the bottom sill before the sill is laid, 
the bead of the bolt being andemeath and the nut on top. The cross- 
tjmber, of which the end is here shown, resting ou the bottom sill and 
supporting the foot of the rafters, is 10 inches thick, and need be 
hewed onl^ on three sides. The same is the case with the lower cross- 
timber Testing on the rafter. The two farther up the slope need onlj 
be hewed on two sides. All three are 10 inches ttiick with 10-inch face 
and are bolted to the rafters as shown, with J-iueh bolls. At the upper 
end of the rafters the cross-tlraber on their upper side is differently 
hewed, as indicated in the cut, to adapt it to tlie planking of the 
"shoot" or "over-hang." The timber bolted at this point on the 
under side of the rafter is 6 hj 12 inches, and dressed as shown, its 
Mrpose being to give tlie projection or apron the neceasarj strength. 
The rafters themselves are 16 feet long, 10 by 12 inchea, and the posts 
and braces supporting them 10 inches square. 

The whole upper surface of the dam, including the projection, is 
covered with 3^nch plank, all the planks being dressed on the edge 
with a bevel of i inch. Before dressing and osing, they ore allowed 
to lie until about half seasoned, this being in all such cases an excel- 
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lent precaution against the injurious effects of either swelling or 
shrinking, one of which is likely to occur if very dry or entirely green 
lumber is used. The cut indicates sheet piling at the up-stream foot 
of the dam, against the ends of the bottom sills and rafters and the 
side of the cross-timber between them, and i;.aking a close joint with 
the foot of the planking. On a rock bottom, of course, this piling 
could not well be put in, and Mr. Cross, we believe, merely planks this 
part, covering it tightly and making the joints very close. 

The bents of this dam are placed 8 feet apart, between centers. The 
total length of the dam is 290 feet, and its height 10 feet above 
the bottom sills. The Neosho rises to the height of 24 feet in 
extreme high water. Mr. Cross states that he gains 5 feet in head-race 
and tail-race, and places the cost of his dam at $7 per foot, lumber 
being worth $30 per 1,000 feet. The overhanging apron delivers the 
water so far below the dam that it cannot wash iip under the sills to 
affect the foundation ; and the builder is confident that the dam will 
last till it rota out. 



CHAPTER XL IV. 



RACE AND RESERVOIR EMBANKMENTS. 

There is a radical difference in the conditions to be taken into 
account in constmcting a dam for the purpose of raising the watei' in 
a river to a certain head and discharging the surplus, as compared with 
those which enter into the calculations for an embankment against 
standing water, or along the course of a deep and slowly moving body 
of water, as in a canal or race. In the case of a dam, there is but a 
comparatively narrow channel to be obstructed, and often a swift cur- 
rent is. to be resisted; but on the other hand there are special means 
of fortifying the structure by securing it to the banks or to abutments, 
bolting its foundation to the river bed if it be of rock, building it with 
a curve or angle up stream so as to give it the elements of strength 
pertaining to an arcn, and in various other waj's providing against the 
special dangers to which it is exposed. The peculiar sources of dam- 
age affecting the stability of a dam are the force of the current and the 
tendency of the water to wash it in passing over, (unless delivered 
through a chute or waste-way) or to react upon and undermine it when 
discharged by an overfall. In an embankment for a race or reservoir, 
on the other hand, while the advantages of banks or abutments to 
serve as an anchorage are not afforded, and the principle of the arch 
cannot be introduced, the sources of danger are at the same time 
fewer in number, and the problem is perhaps as much simplified as the 
means for its solution are reduced. The largest scale on which works 
of this character are undertaken is reached in the construction of 
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levees and dykes; and in these but little difficulty would be encoun- 
tered in securing the most ample strength and durability, were it not 
for the immense extent to which such works are necessarily carried, 
from which it results that the strictest economy in material and labor 
must be practised. A method of construction which would be thought 
but moderately expensive in a dam one hundred feet long woula be 
absolutely ruinous in its cost if applied to a dyke or levee hundreds of 
miles in extent; and even when carried no farther than the embank- 
ment of a reservoir it would often require an impracticable outlay, as 
in this instance the burden falls on a single individual and is not 
borne by the whole community as in the case of a public work of this 
nature. 

It follows that in the construction of embankments selection must 
be made from but few different kinds of material, and these of a cheap 
description — clay, sand and loam being the chief elements available 
for the purpose — and that the question of the plan of building resolves 
itself mainly into two points, the breadth of base and the angle of the 
slope. Of the three materials above mentioned, we have in previous 
chapters given the preferent^e strongly to sand and loam, in connection 
with gravel and rock, recommending the use of ckty only to a very 
limited extent, and mixed with the otner substances named. Our chief 
ground for taking this view is the tendency of clajr to maintain its 
position when passages are worked through it, leaving these breaches 
open to be worn wider and wider, finally destroying 3ie cohesion of 
the whole mass. Sand or loam, on the contrary, especially the former, 
will pour in and close a gap which may be accidentally made, and a 
leak may thus be stopped, in many cases, without any actual repair 
being required. This point, we observe, is recognized even by authori*' 
ties which on general grounds advocate the use of clay. A com- 
missioner of levees in one of the western States alludes to clay banks 
as being peculiarly liable to the attacks of craw-fish, which dig holes 
through them from the water side, and seize upon the small fish or 
water insects which pass in with the flow. He remarks that the clay 
embankments give the craw-fish every facility for his work; but that he 
cannot operate in sand, as the hole falls in as soon as made. He 
therefore advises that a wall of sand be carried up in a clay embank- 
ment, and urges this matter as one of great importance. 

There is a marked distinction between the use of clay as a filling in 
crib-work, where a current is constantly seeking to force its way 
through, and the employment of the same material for a race or reser- 
voir embankment, where its weight and solidity give it superior value. 
Except for the requirement of sand as a protection against craw-fish, 
it may be doubted whether a levee or embankment should not, in all 
cases where practicable, be built chiefly of clay. It is by far the 
heaviest of the three materials here under consideration, the weight of 
stiff clay being 135 lbs. per cubic foot, while that of loam is 124 lbs., 
nnd of light sand only 95 lbs. per cubic foot. No other single point in 
the construction of an embankment is of greater importance than that 
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of weight, as this, with the proper breadth of base in proportion to 
height, is the sole dependence for the solidity of the work. As to its 
impenetrability, which is another important item, it must be borne in 
mind that there is not the same liability to leakage in an embankment 
against comparatively still water as in a crib or filling against which a 
current is constantly directed, and over which the water frequently' 
lioTs — to say nothing of the eddies, whirlpools, reacting currents and 
underwash which are perpetually threatening the safety of a dam. A 
clay embankment, therefore, which has its slopes not too steeply 
pitched, its material firmly packed down, and its face on the water 
side suitably protected, is as reliable a work as can be desired for the 
purpose it is to meet. It must be admitted that the use of sand for the 
whole body of the embankment, though it is frequently practised on 
account of the j^ater convenience of obtaining it, is open to serious 
objections. It is neither tjohesive nor impervious ; even the winds, as 
well as the waves and currents, have power to carry it before them, and 
if the water once succeeds in penetrating it in such a way that the 
leak does not instantly close from above,, it will wear a channel with 
great rapidity, speedily enlarging to a crevasse. Loam is much less 
objectionable in this respect, as it is not only nearly thirty per cent, 
heavier, but is also much more cohesive and firm. 

The slope which should be presented by the sides of an embank- 
ment is or course greatly dependent on the kind of material of which 
it is comx>osed. The " standing angle " or " angle of repose " of the 
three substances above mentioned — that is, the steepness of slope 
they will bear without sliding, when subjected to no other disturbing 
cause than that of their own gravity, is found to be, for sand, an angle 
of 30 degrees with the horizon ; for firm loam, 36 to 45 degrees ; and 
for clay, 55 degrees. In other words, supposing a pile to be made of 
each of these materials, coming to a point at the top, and having a 
perpendicular face on one side, as, for instance, if a bank of this kind 
be thrown up against a vertical wall, it is necessary that a bank of 
sand, in order not to slide or slip of its own weight, should have 1 foot, 
9 inches base for every foot of height; for loam, about 1 foot, 3 inches 
base is necessary to 1 foot of height; while for clay, 8 to 12 inches 
base to each foot of height is sufficient. This being independent of all 
other forces or pressures than the weight of the material itself, the 
slope must be much more gradual, or in other words the base must 
be much wider in proportion to the height, in an embankment against 
water, than is indicated by these figures ; and the farther tiiis excess 
of width in the base is carried beyond what the theoretical " angle of 
repose " would require, the safer will be the embankment. In practice, 
these mathematical proportions are in fact almost entirely disregarded, 
and the more sure although perhaps less scientific rule is adopted of 
giving the base so great a width as to provide against any possible 
tendency to slip; but the fact remains that for sand a mudi more 
gradual slope is necessary than for either loam or clay, and for clay a 
steeper slope may be permitted than for either of the others. In the 
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embankments of the Welland in England a base of 70 feet is given for 
a height of 8 feet, and on the Ouse, with 8 feet height and a breadth of 
10 feet on the crown, the base is 60 feet wide. In other localities the 
base is 5 or 6 feet to 1 foot of height, di^ded, as to the slopes, by 
giving on the water side 3 or 4 feet base, and on the land side 2 feet 
base to every foot of vertical elevation. On the sea coast a still more 
gradual slope is given, being in many cases 4 or 6 feet to 1 foot to 
seaward, and. 2 or 3 to 1 to landward, All these, it will be seen, are 
safe and substantial embankments, constructed rather with a view to 
permanent durability than to an immediate saving of expense ; and 
this is a rule which can be confidently recommended in all works of 
this class, whether for public or private benefit. 

The heighfto which embankments should be carried is subject to 
variation according to circumstances; but the rule ordinarily adopted 
is to make the crown from 3 to 5 feet above hi^h-water mark. The 
breadth of crown is still more variable, ranging in different localities 
from 3 feet to 12 feet or more, the latter being an exceptional figure. 



CHAPTER XLV, 



RACE AND RESERVOIR EMBANKMENTS— ( Cbn^tnued). . 

The necessity of adapting the slope of an embankment, especially 
on the water side, to the disturbing causes which will operate upon it, 
and the fact that it is better to err on the side of safety than otherwise, 
making the slope more gradual than is absolutely required rather than 
too steep, need not be further urged, having been fully demonstrated 
in the preceding chapter. The almost invariable tendency of earth to 
lose its stability in some measure when subjected to the action of 
water, and the fact ^that its impermeability cannot be depended upon 
with certainty, render it necessary that the nature as well as the breadth 
of the foundation should be carefully attended to. There are, it is 
true, many cases in which embankments which were made by simply 
heaping up earth, without any special precautions to make it water 
tight, have stood an indefinite length of time without exhibiting any 
defect ; but in these cases the desired result has been secured by a 
lavish use of material without regard to economy, as in some localities 
in India, where the cheapness of labor rendered it unnecessary to make 
such close calculations on this item as are elsewhere required. For a 
safe and permanent foundation, resort is sometimes had to a puddle 
wall with a " muck ditch " for its underlying support ; the use^lness 
of this ditch being, however, strongly disputed, on the assumption that 
the natural surface of the ground is itself a more reliable foundation 
in many cases, the ditch being necessary only where the natural 
g^fface is loose and sandy, and by digging a ditch through it to a 



148 RACE AND RESERVOIR EMBAKKMENTS. 

treasonable depth a firmer subsoil can be reached. Again, many 
embankments nave been uuccessfully constructed uoon a foundation of 
brush, especially where the soil of the locality is light and unstable. 
This method is employed in building macadamized roads in marshv 
districts in England, and in dykes and embankments in Holland. 
Ireland and Canada. The most effectual manner of utilizing the brush 
IS to put It down in two, three or four layers, their total thickness, when 
compressed by the weight of the overlying materials, to be from 4 to 6 
feet; the brush to consist of branches of trees, as straight and tough as 
can be conveniently obtained, not too h^avy, and of sufficient length 
to reach at each end within ten or twelve feet of the extremity of the 
slope of the embankment — the brush; however, not lying directly across 
the foundation, but placed aslant, each successive layer crossing the 
preceding after the manner of lattice work. The lowest layer may be 

Einned to the ground, and each of the succeeding layers to the one 
eneath it, by means of wooden forks ; and when this method is adopt- 
ed, the result is considered equally satisfactory with that obtained by 
the use of fascines, which are small bundles of brush tied up like a 
birch broom. In fact, the foundation can be more firmly knit and 
wrought together if simple brush is used than if fascines were employed. 
There are also certain excellent methods of utilizing sand in works 
of this class, notwithstanding its weakness as a material for a simple 
embankment. A sand bank with small brush and clay intermixed, 
and the slopes faced with a firm material, has been found extremely 
durable. The use of sand piles, which is a somewhat novel substitute 
for piles of wood or iron, has been very successfully practised by 
English and French engineers. The method of setting such piles is 
very simple, and in a soft and deep soil, upon which a heavy .embank- 
ment is to be placed, they are believed to afford the utmost attainable 
degree of security. Wooden piles', are first driven, in rows along the 
middle and toward the sides of the foundation, and then withdrawn, 
the holes thus made being instantly filled with sand, which must be 
rammed down as firmly as possible as it is put in. Where the work 
is extensive enough to justify it, machinery may be employed by 
which a number of piles may be driven, withdrawn and the holes filled 
simultaneously ; and an iron cylinder, with internal screw-threads for 
sinking and raising, is sometimes used to facilitate the work. But 
a light lift-ram or a heavy sledge will often answer the purpose suffi- 
ciently, and the piles may be driven one by one, each being separately 
finished before beginning on the next. The depth to which they 
should be sunk will depend, of course, upon the nature of the soil, but 
need seldom exceed 6 or 7 feet. They should be 12 or 18 inches in 
diameter, and may be put from 6 to 10 leet apart. If the embankment 
is very heavy, it is well to have two or even three rows of piles in the 
central portion of the base, under what is to be the crown, and another 
row toward the outer edge of each slope ; and the pil^s should be so 
arranged that the rows will " break joints," so to speak, the piles in one 
row not being directly opposite or in line with those in the next, but 
alternating like the spots on a chequer-board. It is somewhat siuv 
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prising, in view of the unstable character of sand as a material to be 
Qsed in bulk, unsupported bv other elements, that it should be found 
80 productive of strength wnen employed in this manner ; but it is 
nevertheless a fact that its power of resistance in the form of piles. 
both in their lateral and transverse section, is superior to that obtainea 
by almost any other form of construction, except those of the most 
expensive character. In an experiment by a corps of Engish engi- 
neers, nine piles, 4 feet, 3 inches long and 8 inches in diameter, were 
driven into a very soft soil, their distance apart being 16 inches 
between centers. To drive them, a weight of 200 lbs. was let fall from 
a height of 3} feet, the driving being continued until the piles yielded 
only about i inch at each stroke, after which they were settled about 
one-fifth of an inch farther by placing upon them a load of ten tons. 
They were then withdrawn, the holes filled with sand, and 16 more 
piles sunk in the same way, the whole occupying a total area of 36 
square feet. Under a weight of about 1,000 lbs. there was only a settle- 
ment of one-twenty-fifth of an inch, and under 30 tons weight, after a 
month had elapsed, the total amount of settling was -only three-fifths 
of an inch. On the whole, it may be safely stated that a foundation of 
sand piles, especially if covered with layers of brush in the manner 
already described, will constitute, even in loose, light or marshy soil, a 
solid support for a heavy embankment, the slope being made sufficiently 
gradual to prevent any liabilitv to slip, and the face protected against 
wash. It may also be remarked that where the soil is so firm that 
piling of any sort is not required, additional strength is often given to 
the foundation by spreading on the natural surface a thick and level 
coating of sand, to which is added, if the ground is very wet, one part 
of hydraulic lime to six parts of sand. This is too expensive a method 
for works which are to be carried to a great extent, but may be adopted 
with good results in the embanking of a race or reservoir of limited 
area. 

The introduction of a puddle wall is so often resorted to in the con- 
struction of embankments that it deserves a few explanatory remarks, 
and we also give in connection with this chapter two illustrations of 
the manner of applying this principle in embanking operations. A 
rude substitute for puddling is founa in many embankments in which 
the earth has been rendered very firm and compact by the tread of the 
workmen employed in depositing it ; but this is chieflv the case in 
Eastern countries, where the work is often done entirely by hand, and 
the bank is therefore well tramped as it is carried up, without any 
express outlay for the purpose. It is also true that in any low embank- 
ment of very gradual slope, and composed of firm, tenacious clay, the 
puddle wall is unnecessary ; but in the majority of cases it has been 
found most expedient, on the score of ultimate economy of material 
and stability of the work, to carry up an interior wall of the kind 
referred to, and also to arrange the other materials in relation to it so 
as to give the most secure protection to the base and interior of the 
embankment. In the two figures of our engraving, examples are given 
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of the methods adopted by the best European engineers, the second 
figure showing some advantageous features not enioraced in the first 
It will be seen that the puddle wall is in both cases carried down below 
the natural surface of the ground, there being in this instance a bed of 
rock or solid sub-soil which is thus reached, and the base of the puddle 
wall being worked together and blended with it as thoroughly as pos- 
sible, a nearly impenetrable barrier is thus presented to the water. 
Where there is no such solid underlying stratum, as has been already 
remarked, there is nothing to be gained by sinking the wall below the 
natural level of the ground ; but in such cases it is well to loosen the 
surface of the ground to a depth of 6 inches or a foot, in order to unite 
with it the base of the puddle and in fact of the whole embankment 
as closely as possible ; and the sod which may thus require to be taken 
off may afterward serve a highly useful purpose as a coating for the 
water side of the embankment. • It is also worthy of note, that all grass, 
roots or other decomposable matter must be removed from the surface 
on which the foundation is to be made, whether it is subsequently used 
to sod the exteripr slope or not. 

In both the embankments we have illustrated, however, the ditch 
system at the base of the puddle wall is adopted. In the first figure 
this ditch has sloping sides, being much narrower at the bottom than 
at top ; in the second it has perpendicular sides. In both, the puddle 
wall tapers from the ditch up to the crown of the embankment, being 
thickest where it has to withstand the greatest pressure. The pressure 
of water against a barrier thus erected against it is directly as its 
depth; and the shape of the barrier must of course conform more or 
less accurately to this law of pressure. The earthworks which we here 
illustrate are of the kind required where large bodies of water are to be 
enclosed, the lower figure representing, in fact, a cross-section of the 
embankment of the Siddeford (England) Water Works. For such 
cases, a breadth of 10 feet of puddle wall at the level of the surface of 
the water is considered necessary for absolute safety ; but in works of 
the kind wheref a less powerful pressure is to be sustained, the wall may 
be considerably reduced from that figure. The manner in which the 
remaining portions of the embankments are built is j)lainly indicated 
in the cuts. In the lower one especially, the arrangement of the 
materials used is a prominent feature, their relative position being 
such as to give the maximum degree of security. To this end, selected 
material comprising the soundest and most tenacious and imperme- 
able of the substances to compose the embankment, is placed next to 
tl e puddle wall, on each side of it ; although, as it is from the water 
side that the chief danger of a breach is to be apprehended, it would 
seem a still wiser method to place the best materials all on that side. 
Why the aiTangement here shown is so generally adopted it would be 
difficult to state; but such appears, to be the case. In the Biddeford 
embankment, it will be observed the water slope is protected by a 
layer or coating of puddle extending from the foot of the slope to the 
crown of the embankment ; and outside of this is a layer of peat 
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Another method, which is strongly recommended by many, is to cover 
the whole of the water slope with a layer of stone compactly laid by 
hand. Again, such embankments are oflen protected by growing grass 
thickly upon the top and sides — an excellent meth6d, for which Ber- 
muda grass is said to be peculiarly adapted, as it grows very rapidlv, 
and thrives both in sunshine and shade. A coating of loam should 
first be spread on to give the necessary fertility. This mode of 
strengthening an embankment is practised on many lines of railroad, 
and is equally adaptable to the protection of earthworks against water, 
one of its aavantages being that the annual decay of the grass tops 
affords each year a new though of course very light coating of compact 
matter on the slope, which in time adds greatly to its strength. In 
foreign countries thick ropes of twisted straw are often used for the 
covering of embankments, being pinned to the bank with forked sticks, 
the ropes lying so close together as to form a mat, which is stiU further 
strengthened by the grass or other vegetation working through and 
interlacing with it. In other cases, fascines, brushwood, and some- 
times large slabs of stone are laid upon the slopes of embankments to 
shield them from injury. A choice can readily be made from the 
different methods and materials we have enumerated, each builder 
suiting his work to the facilities at his command and the conditions he 
has to deal with. It should be mentioned that where the slope is pro- 
tected by a layer of puddle, as shown in the second figure of our 
engraving, it is found beneficial to mix small stones or furnace cinders 
with the puddle to prevent the attacks of vermin. Fresh-water crabs 
have been known in some cases to take all the " pointing " from a wall 
of masonry, the mortar being highly useful to them as a material for 
the growth of their shells. 

In both our illustrations is shown a system of pipes, culvert, valve- 
tower, etc., for providing the necessary outlet to the reservoir. The 
practice of conducting tne discharge-pipe through or under the body of 
the embankment is strongly condemned by the best engineers, as it is 
thus rendered inaccessible in case a defect occurs and repairs are 
rendered necessary ; and even if protected by a culvert, there is in such 
cases great danger of fracture resulting from the unequal settling of 
the embankment. Either with or without a culvert, therefore, there is 
incurred by this plan constant liability to accident, which may lead to 
serious damage to the embankment, and will certainly cause great 
inconvenience and less in various ways. In the methods we nave 
illustrated, the brick^ or stone culvert is located at a point one-half or 
two-thirds of the way up the embankment, and is made large enough 
to enable a man to enter it. A still safer plan is to carry tne culvert 
around the end of the embankment, or to run a tunnel through the 
ground beneath and entirely clear of the embankment, there being in 
either of these cases no liability of injury to the culvert by the irregular 
settling of the earthwork. The plan shown in our first figure is sub- 
stantially that designed by Mr. Rawlinson, an eminent civil engineer. 
The bottom of the culvert is in this case some 25 feet above the foot of 
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the water slope of the embankment, the syphon pipe passing throueh 
the culvert A shaft inside the embankment and connected with the 
horizontal culvert, contains the valves which conduct the water-supply 
from the reservoir. It will be seen that the valves, inlet pip«6, etc., 
are «o arranged and operated that the engineer has at all times fiill 
control of them, and all the parts are readily accessible for repair. In 
the cross-section of the Biddeford embankment, also, siniilar arrange- 
ments for the discharge of water are shown, with the same communi- 
cation of the culvert with the valve-tower, and the location in the latter 
of the inlet pipes at different heights, admitting of the drawing of 
water from the reservoir from points near the surface, where it is most 
likely to be pure. A float is sometimes attached to the end of a pip<^ 
inside the reservoir, this pipe moving up and down between guides as 
the water rises and falls, and having at its other end a flexible joint 
connecting it with the outlet pipe. 



PART II 



> 



A VALUABLE HYDRAULIC TABLE— LOSS OF HEAD 
BY FRICTION OF WATER IN PIPES 



The following Table, the calculations for which have been carefully 
made from the formula of Weisbach, the celebrated German scientist, 
will be found extremely useful in determining the available power of 
water moving at any velocity from one to twenty feet per second, 
through pipes from three to thirty inches inside diameter. The length 
of pipe for which the table is calculated is 100 feet. But as the loss of 
head by friction varies in the same direct ratio as the length of the 
pipe, the amount of such loss in a pipe of greater or less length than 
100 feet can be readily ascertained. 

For example: to find the loss of head in a pipe 47 feet long, 7 inches 
inside diameter, discharging 192 cubic feet of water per minute. This 
rate of discharge, as will be seen by the table, indicates a velocity of 
12 feet per second. The loss of head is found in the column for 7-inch 
pipe, opposite the figure 12 in the column of velocities, viz: 7.41 feet 
for a pipe 100 feet long. For a pipe 47 feet long it will be 47-100 of 
7.41 feet, or 7.41 multiplied by .47, making 3.48 feet, decimals below 
the second place being dropped. 

For a pipe 125 feet long, 10 inches inside diameter, discharging 490 
cnbic feet of water per minute: Velocity shown in table, 16 feet per 
second; loss of head for 100 ft. pipe, 7.9 feet; therefore 

1.25 
7.9 



1125 

875 



given length of pipe. 



9.875 feet of head lost in 125 feet> th« 
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CALCULATED FOR PIPES 100 FEET LONG. 
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LOSS OF HEAD BY FRICTION OF WATER IN PIPES.— Continued. 

Calculated for Pipes zoo Feet Long. 
INSIDE DIAMBTBR OP PIPE IN INCHES. 
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Second. 
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USEFUL FACTS IN HYDRAULICS. 

Doubling the diameter of a pipe increases the capacity four times. 

The ordinaiy speed to run a pump is 100 feet of piston per minute. 

To find the area of a piston, square the diameter and multiply by 
.7854. 

Each nominal horse power of boilers requires 1 cubic foot of water 
per hour. 

A gallon of water (U. S. standard) weighs 8J lbs., and contains 231 
cubic inches. 

A cubic foot of water weighs 62 J lbs., and contains 1,728 cubic 
inches, or 1i gallons. 

Circular apertures are most effective for discharging water, since they 
have less frictional surface for the same area. 

Hydraulics treats of fluids in motion, and especially of water, the 
machinery and works for raising and conducting it, its action in canals, 
races and rivers, its adaptation to water wheels as prime movers, etc. 

To -find the velocity in feet per minute necessary to discharge a given 
volume of water in a given time, multiply the number of cubic feet of 
water by 144, and divide the product bj'^ the area of the pipe in inches. 

To find the pressure in pounds per square inch of a column of .water, 
multiply the height of the column in feet by .434. (Approximately 
every foot of elevation is considered equal to J lb. pressure per square 
inch). 

To find the diameter of a pump cylinder to move a given quantity of 
water per minute (100 feet of piston being the speed), divide the num- 
ber of gallons by 4, then extract the square root, and the result will 
be the diameter in inches. 

Vertical apertures or slits on the side and running near to the 
bottom of vessels, issue the water with a mean velocity due at the sill 
or lower edge of opening, or with the velocity due to a point four- 
ninths of the whole height of head. 

The time occupied in discharging equal quantities of water under 
equal heads, through pipes of equal lengths, will be different for vary- 
ing forms, and proportionally as follows : for a straight line, 90; for a 
tnie curve, 100; and for a right angle, 140. 

To find the horse power necessaiy to elevate water to a given height, 
multiply the total weight of column of water in lbs. by the velocity per 
minute in feet, and divide the product by 33,000 (an allowance of 25 
per cent, should be added for friction, etc. ) 

To find the area of a required pipe, the volume and velocity of water 
being given, multiply the number of cubic feet of water by 144, and 
divide the product by the velocity in feet per minute. The area 
being found, it is easy to get the diameter of pipe necessary. 

To find the capacity of a cylinder in gallons. Multiplying the area 
in inches by the length of stroke in inches will give the total number 
of cubic inches : divide this amount by 231 (which is the cubical con- 
tents of a gallon in inches), and the product is the capacity in gallons. 
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PROTECTION OF DAMS FROM MU8KRAT8. 1^9 

The area of the steam piston, multiplied bj' the steam pressure, gives 
the total amount of pressure exerted. The area of the water piston, 
multiplied by the pressure of water per square inch, gives the resistance. 
A margin must be made between the power and the resistance to move 
the pistons at the required speed. 

With thin plates on the bottom or sides of reservoir, the stream, 

issuing through circular openings, converges toward a point at about 

one-half its diameter from the outside of orifice, reducing the quantity 

discharged nearly five-eighths from the quantity that the velocity corre- 

I sponding to the head should discharge. 

With a horizontal cylindrical tube, the length and diameter being 
the same, the discharge will be the same as through a plain aperture. 
A horizontal cylindrical tube having greater length than diameter, 
increases the discharge, and the discharge will continue to increase 
until the length reaches four times the diameter. 

To find the quantity of water elevated in one minute running at 100 
feet of piston per minute : Square the diameter of water cylinder in 
inches and multiply by 4. Example : The capacity of a 5-inch cylinder 
is desired. The square of the diameter ^5 inches) is 25, which, multi- 
plied by 4, gives 100, which is the number of gallons per minute (ap- 
proximately). 

The best form of aperture for giving the greatest flow of water, is a 
conical aperture, whose greater base is the aperture, the height or 
length of the action of cone being half the diameter of aperture, and 
the area of the small opening to the area of the large opening as 10 to 
16; there will be no contraction of the vein, and consequently the 
greatest attainable discharge will be the result. 

Water in falling is actuated by the same law as other falling bodies ; 
passing through 1 foot in J of a second, 4 feet in J second, 9 feet in 
I of a second, and so on; hence its velocity flowing through an aper- 
ture in the side of a reservoir, bulkhead or any vessel, is the same as 
that of a heavy body falling freely from a height equal to the distance 
between the middle of the aperture or hole to the surface of water 
below. 



PROTECTION OF DAMS FROM MUSKRATS. 

An experienced mill owner says : " I have lately seen it stated that 
the yearly damage by muskrats on the Erie Canal is not less $50,000. 
In the Southern States there are several kinds of borers, and it is said 
that most of the breaks in the levees of the Mississippi river are caused 
by their depredations. The muskrat alwaj'S begins his burrow under 
water, going in horizontally — sometimes nearly through an embank- 
ment — then working up above the water level, and there making 
numerous passages and apartments which are occupied sometimes by 
a community of thirty or more. If, in boring into a bank, they meet 
a wall that they cannot penetrate, they seldom dig far downwards to 
get beneath it, and never, I think, more than ten or fifteen inches 
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below the water at the bottom of the pond. They prefer to dig in soft 
earth, but if such is not to be founa, they will penetrate the hardest 
gravel, and even cut their way through plank. Now all that is needed 
for a perfect protection against them is a thin wall, begun about 2 feet 
below the water, and carried up with the embankment as high as the 
water is expected ever to rise. The wall may be made of brick or flat 
stones set edgewise with cement mortar ; or preferably, of concrete, 
made of cement and gravel ; need not be but 2 inches thick, or cost 
more than 3 or 4 cents per superficial foot. It will strike most persons 
at first thoueht that a 2(-inch wall would be too frail to be of any use, 
but I know &om an experience of six years that it is not only a perfect 
protection against vermin, but will also prevent the passage of water 
from pressure. If made of good materials, it becomes in a few months 
nearly as hard and strong as stone, and will resist considerable pres- 
sure. An embankment so protected was overflowed and partly washed 
away by the breaking of a dam above, and when the flood subsided, a 
part of the wall was left standing 4 feet higher than the gravel on either 
side of it. Puddling is frequently resorted to, to prevent the percola- 
tion of water through gravel, but is not as efl^ectual for that purpose as 
concrete wall, and no protection whatever against muskrats. For the 
wall, I use 1 part Bosendale cement to 5 of gravel. One barrel of 
cement will make 150 to 200 feet of wall ; and three men will make 
from 200 to 3u0 feet in a day. The ^vel should be a mixture of fine 
and coarse, with no stoaes larger than two inches diameter. With 
Portland cement, 14 parts of gravel make good work, which makes it 
somewhat cheaper than Rosendale. After various experiments, I think 
that I have hit upon the best mode of forming the wall, viz.: In a 
mould, made of 2 sheets of iron, each 4 to 5 feet long, one 15 inches 
wide, the other 18 inches. Each is bent its whole length 12 inches 
from the opposite ed^e, at an angle of say 25 decrees, so that when 
placed side by side, 2 inches apart, the top edees will flare sufficiently 
to make it convenient to fill the mould with a shovel. A block 2 
inches square and 12 inches long fills the space at the forward end of 
the mould, and should have a hole bored obliquely through it to receive 
a brace 3 feet long, so that when the opposite end rests on the ground 
the block will be kept in a perpendicular position. Now fill the mould 
1 foot high with concrete, ramming it down with a beater made of a 
J-inch hardwood board, and at the same time fill with earth te the same 
height on the outsides; then draw each sheet in end nearly its length, 
and proceed as before. Each sheet should have a handle at the fore 
end, hear the upper corner, made of 5-16 wire, with a hook Attached 
to one of them, to connect with the other, to keep them snug to the 
block." 

Another mill owner's plan : Dig a channel sufficiently deep to be 
beyond all possibility of the muskrats going below it, and fill it with 
chips from the tin shop, in connection with gravel. 

Another: Coat the dam with gravel, letting the gravel table out in 
the water, and leaving it about 12 inches thick along the water's edge. 
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To which an Illinois miller adds : The best method to protect a dam 
against the attacks of muskrats is to gravel the same to the water side. 
Sand and pebble stones, banks of which are found in the bed of almost 
every stream, is the best. Repeat this until the water ceases to wash 
it down, when it will stay permanently. This will also save the trouble 
of cutting loose the ice in spring. Sand is getting warm quicker than 
clay, ana the dam is in such shape that ice will peel off without harm. 
Embankments which are made of alternate layers of clay and stone, 
or of clay and stone mixed, are also safe. Any break in a dam 
repaired while Water is running through is unsafe, and will break again, 
even without the aid of muskrats. To keep the water out, cut willows, 
tie the same in bundles of sufficient length, and spike them down in 
front of the break, one on top of the other. If the break is very large, 
put them in Y shape, and with the aid of manure, tan bark or sand, 
you soon will have it dry. If the bottom is soft, throw in stones, ram 
down with a wooden rammer, and keep on filling with stones and 
ground, ramming well where it joins the sides, and this part is secure 
against water and muskrats. 



VELOCITY OF FLOWING WATER. 

The mean or average velocity of a flowing stream is found by scien- 
tific experiments to be from .81 to .83 of the maximum velocity, or 
that iit4he line of the current. At half depth of the stream the velocity 
is .915, and at the bottom .83, of that at the surface. The average 
depth of flowing water is found by setting off the breadth of the stream 
into any convenient number of divisions, ascertaining the depth of 
each, and adding these depths together; their sum being then divided 
by the number of divisions of the stream, the quotient will be the 
average depth. The area of the stream is obtained by multiplying the 
mean depth by the breadth. To obtain the volume of flowing water, 
mulciply the area of the stream by the velocity of the flow in feet ; the 
product will be the volume in cubic feet. The velocity of water in a 
canal should be proportioned to the character of the bed. To prevent 
the deposit of slime and growth of grass, a velocity of about 8 inches 
per second is requisite, and the mean velocity, over a slimy bed, should 
not exceed this limit. Over common clay it should not be more than 
6 inches per second; over sand or small gravel, 1 foot; and on shingle 
or stony bottom it may range from 3 to 6 feet per second. 



A MINER'S INCH. 

A miner^s inch, of water is a quantity that will flow through an inch 
aperture with a free discharge and under a constant pressure of 6 inches 
above the top of the opening. An aperture 12^ by 15J inches under 
pressure of 6 inches above the top of the opening will discharge 100 
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inches, and ia the basis of all measurements where wat«r is retailed in 
small quantitiea in the States of California and Nevada. A miner's 
inch will discharge a quantit; of water equal to 2,250 cubic feetor 
about n.OOO gallons, weighing 139,500 lbs., in 24 hours. Water will 
hold in suajjeneion or solution ,167 of its entire volume, i. e., an inch 
of water (miner's inch) having a grade of 4 inches to the rod, will cany 
off in 24 hours, a distance of 10 miles, 10 tons of quartz, sand and iroD. 
At one gravel mine in Nevada county, California, 24 cubic yards, or 40 
tons of detritus or tailings, as the waahed material is called, are moved 
from 3 to 15 miles every 24 houra. 



The following table, by the Warren Foundrr and Machine Co., shows 
the thickness of metal and weight per lenetn of different sizes of nine 
under various heads of water— a "le 
and of all the otiier sizes 12 feet. 
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CONTENTS OP CISTERNS AND TANKS. 

The following table gives the number of barrels (311 gallons) in 

cisterns or tanks from 5 li to 30 fl. in diameter, and from 5 ft. to 20 ft 

in depth. For tanks of tapering form, the diameter should Be measured 



It a diBtance from the large end equal to 4-lOthB of the total depth ; for 
example, if the depth of a, t&periag tank is 15 feet, tbe diameter is 
fouad by measuring at a point 6 feet from the large end : 
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TABLE FOR SMALL CISTEENS. 
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WEIR DAM FOR MEASUREMENT OP WATER. 

In the engraving and table accompanying this article are shown the 
method of ascertaining, approximately, the quantity of water flowing 
in a stream — an important matter in estimating the amount of power 
which can be derived from it. The plate represents a weir dam across 
a small stream. Where it is convenient to use a single board, as 
is shown in the cut, select one that is long enough to reach across the 
stream, resting in the bank at each end. Cut a notch in the board 
sufficient in depth to pass all the water to be measured, and not more 
than two-thirds of the width of the stream in length. The bottom of 
notch B in the board A should be beveled on the down-stream side; 
the ends of the notch should also be beveled on the same side, and 
within one-eighth of an inch of the upper side of the board, leaving the 
edge almost sharp. E is a stake driven in the bottom of stream sever- 
al feet above the board or dam, and should be driven down to the level 
of notch B, this level being easily found as the water is beginning to 
§pill over ti^e board. After the water has come to a stand and reached 
its greatest depth, a careful measurement can be made of the depth of 
water over the top of stake E, as illustrated in the cut by the man with 
square and measure in his hand. Such measurement gives the true 
jepth of water passing over the notch, since, if measured directly on 
the notch or the board, the curvature of the water in passing would re- 
duce the depth, giving the improper measure. Although, where accu- 
racy is not required, such a method will give a fair estimate of the 
quantity of water, in all cases it is best to make the measurement over 
the stake. The line D is a level from the bottom of notch B to the 
top of stake E ; while the dotted line C represents the top of the water, 
lind the distance between the lines or from the top of stake, gives the 
true depth or spill over the weir. The lines have, in the cut, the ap- 
pearance of running over the top of the board ; but this is owing to 
the fact that they pass behind it, and, for the purpose of illustration, 
the reader is supposed to look through the board and the post The 
Surface of the water below the board should not be nearer the notch B 
than ten inches, that the flow of water over the notch may not be im- 
peded. Neither should the nature of the channel above the board be 
such as to force or hurry the water to the board, but it should be of 
ample width and depth to allow the water to approach the notch and 
board steadily and quietly. If the water passes the channel rapidly it 
will be forced over the notch, and a larger quantity will pass than if 
allowed to spill from a large body moving slowly. 

When the depth of water over the stake E is known, the quantitjr of 
water passing can be easily calculated by reference to the Weir Table 
on pa^e 166. This table gives the number of cubic feet of water passing 
per minute over a weir for each inch in breadth, from one-sixteenth of 
an inch in depth to twenty^five inches depth. The figures I, 2, 3, etc., 
in the first and last perpendicular columns, are the inches depth of 
water over weir, while the first or top horizontal column representa 
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fractional parts of an inch, from one-sixteenth to sixteen-sixteenths. 
The body of table shows the cubic feet and decimal parts of a cubic 
foot that will pass each minute for each depth of weir, from one-six- 
teenth to twenty-five inches, as before stated. But each result is for 
but one inch in width; so, for any particular number of inches breadth 
of weir the result obtained in table must be multiplied by the number 
of inches of breadth the weir may be. For example, suppose the notch 
or weir be 20 inches wide, and the water at stake E 5 J inches deep ; in 
the first or last column find the figure 6, follow the horizontal column 
until the perpendicular column is reached containing J at the top. In 
the square where these two columns meet will be found 6.18 (five and 
eighteen hundredths) cubic feet. This is the quantity, of water that 
will pass for each inch in width ; but, since the supposed weir was 20 
inches wide, this result must be multiplied by 20, which gives 103.60 
(one hundred and three and six-tenths) cubic feet per minute. In this 
manner the water passing any width of weir, of any depth from one- 
sixteenth of an inch to twenty-five inches depth, can be easily , calcu- 
lated. 



TABLE OF SPOUTING VELOCITY AND DISCHARGE OF 
WATER FOR GATE ORIFICES. 
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1.22 


14 


66.01 


2.29 


24 


86.43 


3.00 


34 


102.87 


3.57 


5 


39.43 


1-37 


15 


68.33 


2.37 


25 


88.21 


3.06 


35 


104.37 


3.63 


6 


^-""^ 


1.50 


16 


70.57 


2.45 


26 


89.96 


3.12 


36 


105.85 


3.67 


7 


46.68 


1.62 


^l 


72.74 


2.53 


27 


91.67 


3.18 


37 


107.31 


3.7a 


8 


49.90 


H^ 


18 


74.85 


2.60 


28 


93.35 


3.24 


38 


108.75 


3.77 


9 


52.92 


1.84 


19 


76.90 


2 67 


29 


95.00 


3.30 


39 


110.17 


3.82 


lO 


55.79 


1.94 


20 


78.90 


2.75 


30 


96.65 


3.35 


40 


H1.58 


3-87 



B. Head in inches. E. Spouting velocity in inches and decimals. 
F. Cubic feet discharged per minute for each square inch of orifice. 

Of course this method is not so accurate as the weir measurement, 
but in many cases it answers the purpose quite as well. 

The quantities of water discharged in equal times by the same aper- 
tures under different heads are nearly as the square roots of the corre- 
sponding heads, the heads being measured above the apertures. 

The quantities of water discharged in the same time through diflfer- 
ent sized apertures, under different heads, are to one another in the 
compound ratio of the areas of the apertures, and of the square roots of 
the heights of heads above the centers of the apertures. 
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SPEED OF WOOD-WOEKING MACHIKERY. 

[First & Pryibil.] 

Velocity of Circular Saw at periphery, 10,000 to 11,000 ^er minute. 

Band Saw for Scroll work, 3,000 feet on stuff from 1 to 4 
inch thick, and 3,500 feet on stuff from 2 to 10 inch thick. 
Gang Saws, 20 inch stroke, 1B5 to 200 strokes per minute. 
Scroll Saws, from 5 to 6 inch stroke, 400 and 500 strokes 
per minute. 
Travel of Planing Machines, according to diameter of cutters, heads 
4 J inch diameter 4,500 feet, and Cutter Heads 6 to 7 inch, 
4,000 feet per minute. 
Speed of Wood Carving Machine Cutters, 7,000 to 10,000 revolutions, 
according to large or small machines. 
' Machine Augers, 1} inch diameter, 800 per minute in soft 
wood ; one-third less for hard wood, and smaller Diameter 
Augers in proportion. 
'""'iReBliUing or Besawing Band Saws shall run at periphery of 5,500 feet 
per minute. 
Lo2 Cutting Band Saw shall run at a periphery of 5,500 feet per minute. 
OaK requires about half more power than pine, and other woods in pro- 
portion. 
Belt 1 inch wide, which travels 750 feet, is considered one horse-power. 



TO JOIN THE ENDS OF BAND SAWS. 

File the ends of the band on opposite sides, to form two wedged- 
shaped ends, having a lap of say | inch long, which when laid with 
their beveled and filed sides together shall form a good joint of the 
same thickness as blade. Now clamp the ends on a piece of board, 
with the back of the blade toward you, with the lap brought fair to- 
.sether, and see that the back of the blade is straight Cut a piece of 

silver solder," large enough to cover the lap, lay it between the lap- 
ped portion with a little pulverized borax. Now, having a piece cut 
out of your board, say three inches wide, directly under your lap, heat 
your soldering tongs to a bright ** cherry red," and hold them pinched 
firmly on the lap until the solder flows freely from under the joint, then 
cool off the tongs and soldered portion of saw by pouring water upon the 
sfime, without relieving the pressure, until nearly cold. Try a file on 
bpth sides of the blade, and should it bo harder than the otner part of 
the blade, re-heat your tongs a little, and draw the temper by pressing 
the tongs upon the hard portion of the blade till partially heated, but 
not upon the lap, as it will weaken your joint. File off the solder and 

i'oint to the same thickness as other parts, and the soldering of your 
land is completed. 
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ADVICE IN THE SELECTION AND USE OF FILES. 

Always use a new file with a light pressure on the work till the needle- 
like points of the teeth are worn away. After this, a heavier pressure 
may be used with much less danger of broking off the teeth at their 
base. Many new files are violently diminished half their eflSciency by 
a few careless strokes when first applied to the work. Do not use a new 
file on the chilled or gritty skin of castings; or on a weld where borax 
or similar fluxes have been employed — no file can endure such usage. 

Every filer should be required to keep a worn file with which first to 
attack the rough, gritty, or oxydized surface of iron work, and thereby 
pave the way for more efficient work with his sharp files. A piece of 
gritty or chilled casting that would rapidly destroy the cutting qualities 
of a new file would produce scarcely any damaging effect to a worn one. 

In filing steel, better results can generally be obtained by usifag files 
of a grade not coarser than "2d Cut," finer grades being employed 
according to the finish and delicacy of the work under manipulation. 

Persons using files should always seek to discover the fitness or 
adaptability of cut and form of files specially suited to their work. No 
one should expect the best results from a file on brass or spelter which 
was intended for use on iron and steel. 

Consumers of files should see that they are furnished by the dealer or 
nwmufacturer with the full-weight article. This is always important, 
and especially in case re-cutting is desired. A full-weight file can be 
I re-cut two or three times, while a light-weight will scarcely bear one 

f re-cut, and give satisfaction. 

The following table gives the proportionate lengths and diameters of 
standard round and square files : 

Diameter (parts of inch). ^ 3-16 H H % H K }i i 






Leilgth in Inches 3 & 4 6 8 xo 12 14 16 18 
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MANAGEMENT OF BELTS. 



A leather belt, in order to run steadily and with the best effect, should 
have but one laced joint ; aifd in making this joint the two ends should 
be cut at right angles with the sides. The holes will have less tenden- 
cy to diminish the strength of the belt in the cross-section if they are 
cut with an oval punch. The laces should not be crossed on the ijiside, 
and care must be taken to put them in evenly and of equal strength at 
the two edges of the belt. 

In case rivets are employed, the heads should be let in on the inside 
surface of the belt so as to leave no obstructing points to come in con- 
tact with the puUey^, the washers being placed on the outer surface. 
Waxed ends used in connecting beveled and lapped ends should also 
be carefully confined within the surface on the inside of the belt, as 
they will work mischief by wearing if allowed to project. 

The more nearly an equal thickness and perfect straightness are se- 
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cured in the belt throughout its whole length, the better it will perfornl 
its work. Dust, grease and lubricating oils should on no account be. 
allowed to accumulate either on the belt or the pulley. If the motion 
is to be very rapid, the belt should if possible be endless, — that is, it 
should have none but permanent joints, and it is especially desirable 
that the density and dim«nsions should be uniform throughout, all 
unevenness of texture being carefully avoided. 



SPLICING LEATHER BELTS. 



The splicing of leather belts may be made, according to a contem- 
porary, as strong as the solid leather bv dissolving Nelson's opaque 
gelatine in acetic acid, using just enough of the acid to dissolve the 
gelatine on a warm place on an oven or boiler ; the splices, which 
should be made quite thin, are then pasted with the cement, brought 
together and cramped between two pieces of wood. For a series of 
joints, the belt should be laid out on the floor, each splice separately 
pasted and rubbed on the top with a thin piece of wood, as much ce- 
ment as possible being squeezed from between the joints. Leave over 
night until properly set. 



TO MEASURE BELTING IN THE COIL. 

Add the diameter of the hole, in inches, to to the outside diameter 
of the roll ; multiply by the number of coils in the roll ; then multiply 
this by the decimal .1309, and the product will be the number of feet 
in the roll. To have the exact length, the average diameter must be 
used if the roll is not perfectly round, and the fractional parts of an 
inch must not be omitted in the calculation. 



BELTING RULES AND CALCULATIONS.— (^amtZ^ow.) 

Horse-power of a belt equals velocity in feet per minute, multiplied 
by the width — the sum divided by 1,000. 

One inch single belt, moving at 1,000 feet per minute, equals 1 horse- 
power. 

Double belts about 700 feet per minute, per 1 inch width, equals 1 
horse-power. 

For double belts of great length, over large pulleys, allow about 600 
feet per minute per 1 inch of width per horse-power. 

Power should be communicated through the lower running side of a 
belt ; the upper side to carry the slack. 

Average breaking weight of a belt, 3-16 multiplied by 1 inch wide 
•^licather, 630 lbs.: 3-ply rubber, 600 lbs. 

The strength of a belt increases directly as its width. The co-effi- 
cient of safety for a laced belt is — for Leather, 1-16 breaking weight; 
for Rubber, ^ breaking weight, 
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FASTENING RUBBER BELTS. 
In the accompanying sketch is shown a method of joining rubber 
belts which haa been found bj experieoce to b« practical and reliable. 




Draw tbi? imls ul' ilie bi'llr^oii^iiuiiL-uiiii A, 'Jlmiiniili oopper rivets 
put on the piece B, of the same material, as shown in sketch. Small 
burrs or washers must be used on the rivet side, otherwise the riveta will 
tear out. C, shows the plain side of the beltand arrangement of riveta. 



DISPOSITIONS OF THE QUARTER-TWIST BELT. 
When two shatk are at or nearly at r 
not in the same plane (Fig. 1 ), and it ia 
other by two pullej^s only and a connecting belt, experience has proved 
that certain conditions are necessary. In the first place, the distance 
between the near faces of the pulleys must not be less than four times 
the width of the belt. The pulleys A and B should be so placed that 
the belt will lead from the face of one to the centre of the face of the 
other, that is, so that aplane passing through the centre of the face 
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"Jul. 



.. ..y will he tangent to that part of the face of ike other 
_ ich the bell is running. 

The above diagram gives the position and properproportione referred to: 

The piillev A, I'rom which the belt deflects, abouW have a wider face 
than B, ia the proportion of 10 tn G, and should be more rounding on 
the face than is usaal, and the pulleys should be as small as may be to 
do the work, and should be of oearly equal sue. 

About 26 per cent of belt contact is lost when the belt makes a 
quarter-tum, even when the pulleys are of the same size. We have 
noticed in the performance of a leather belt that the flrst 90° of lap on 
the pulley fit closely as in the ordinatr straight belt arrangement ; but 
in the second 90°, about half the width of the belt is forced from con^ 
tact with the pulley by the strain in the subsUnce of the belt, due 
chiefly to its imperfect elasticity, and primarily to the oblique deflection 
of the fold which is leaving the pulley. 

With a belt perfectly elastic the same amount of contact, if not more, can 
be obtained, as with the open belt, since tbe belt would adhereto the face 
of the pulley up to the line of departure the same in one case as in the 
Other. 

Mr. L. H. Berry, of the Atlantic Works, Philadelphia, gives the pai^ 
tieulars of a quarter'twist belt, arranged by him, and shown in Fig. 2, 
for driving a 54 inch circular saw, the periphery of which travels at the 
rate of 8,400 feet per minute, and the mandrel lying at right angles to 
the driving-sbafl. 

" On the mandrel is a 12-inch pulley, and on the driving-shaft, which 
mns horizontally ij feet above, is a wooden drum 24 inches diameter, 
8} feet long, upon which the belt— a 10-inch heavy single leather, trav- 
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eUng 1,800 feet per minute— travereeg back and forth, following the re- 
ciprocating movement of the saw mandrel. The forward movement 
01 the saw when cutting is at the rate of SO feet per mtnnte, and the 
return D^vement 120 feet per minute, 

" Prem Bome cause (centrifugal force, ^rhapa, or bceanse the belt 
wa8 new, and. therefore, not as pliable as it would otherwise have been) 
the centre of the pulley bad to be eet 8 inches out of the path of the 
vertical line from the periphery of the drum. (See cut.)" 

In Fig, 3, A is the driving pulley on a horizontal shafl ; B the driven 
ptiUe; OQ a mill-flpindle or upright shaft ; C the tightener or guide 



Fig. 3. 
pnllev, which is placed at the proper angle for receivin)^ the belt from 
Band delivering it to A. It l^a a short shaft running in bearingB se- 
cured to a frame which slides vertically in fixed grooves, and may be 
raised to tighten the belt for driving, or lowered to slacken the belt for 
stopping, B, at pleasure. B. is made wide and straight on the foce to 
admit of motion in raising and lowering the atones, as well aa to allow 
of lead of belt by the different positions of C, which are due to length 
and tightness of belt. 

A and C should be roanding on their faces. The cot shows the prop- 
er positions of the pulleys and shafts, and also gives good working 
proportions, the particulars having been obtained from machinery in 
use; but the motion of the belt, as shown, should be reversed. 

The quartei^twist belt, with intermediate guide pulley, like Pigs. 3 
and 4, will permit of very short distance between the driving and driven 
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1 praclice may be cited, in which the driving pulley is 

""11 puliej IH inches, and the guide pulley 16 inchea 

''■ " ' K'heB face, and the shafts are 4 feet 7 

•"'e rfjlj^'' o/^V?e might be even lesa without injury to the helt. '.In the 
^^^PUI)^'' bill, "'"'^"gement it was found necesBarv to set the iace of 
1 'oth^- aij'J^J'ODe inch back of the centre of the face of the driv- 
,.?, *e/i f.^ow^ fogive the axis of the guide-pulley an inchnation of 

1 the same plane, the 
Pig. 6 : Let E be the dHmng shaft, 
with tight pulley, A, and loose 
pulley, B, and F the driven 
■shaft, with tight pallej, D, and 
loose pulley, C; all the pulleys 
of same size and with rounded 
faces, in the usual way. 

Let the pulleys be arranged 
in a square on tne plan, whose' 
Bide . is the diameter of pulleys 
at centre of face, and let an 
endless belt be pat on, as shown 
and run in the direction of the 
arrow. It will be noticed the 
loose pulleys, C and B, ran in 
opposite,directionB from that of 
the shafts on which they turn; 
but since they carry the slack 
fold of the belt, they are relieved 
of heavy strain on the shafts. 
This is a good plai^ for wide 
belts when the shafts are aprop- 
er distance apart — say 10 times 
the breadth of the belt — and 
solve the sometimes diSicnIt 
problem of carrj-ing consider- 
able power around a corner by 
a belt. There is no loss of con- 
tact of the belt ou any of the 
pulleys ofthis system, and ni ' ' 



quarter^twist arrangement, in 
which only two pulleys are used. 
The lower abaft may drive the 
upper one, as well, by changing 
the direction of the motion, or 
changing the relative positions 
ofthe tight and loose pulleys. 
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Let Abe the driving pulley oa tb« main shaft, F H ; D and E driven 
pnllejs oa the counters, at nght angle to the main. Place two upritdit 
flhsfis, aach with » loose puUe;, sit that its face will be opposite tm 
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middle of 1 i :o the right »nd one to the left, orer them 

pMs a belt 1 U. The belt will run either way in both. 

In Fig. 7 I I > I lethod of arranging a. quart«r-twist belt, 




when the shafts are at right anpled, but not in the same plane the belt 
running on four pullejs. A is the drivinK pulley on a horizontal main 
line-shaft ; B is the driven pulley on a raill-apindle or upright sbaA ■ C 
is a tightener on a shaft parallel to the main shaft, with hearings, in * 
frame, which, with the pulley, can be. raised or lowered when required 
to start or stop the pulley, B ; D, is a guide pulley on a Tertical abaft 



THE QUARTER-TWIST BELT. IT? 

mnning ia fixed besringB. The course of the belt is iiidicftt«d by the 
arrows. This plan may be resorted to when the pulley, A, cannot be 
placed on the main shaft directly from B. 

[The rorcgoing uiicle. wiih the (even illuilralions acconipuying ii, is uken by pci- 
misMonriomthevaluabltworkiDtiiLed, "A Trea.ise on ihi Vst of BeltiDg for iha 
TrmnMUKionorPowM," by John H. Coop«, MtchnniMt E ' --«. .. 

- Clulon, Rcm.en & HafTcKingct, Philadelphia.] 
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We also give in this 

two illustrations showing the method 
in whicb a mill-atone may be driven 
b; a quartfir-tiira belt and tightener 
— aud the same arran|:e[nent inaj 
he applied to other kinds of mach- 
inery. In Fig. 1, which ^ivesaaide 
view or elevation, A indicates the 
driving pulley on the horizontal 
shall, which is driven direct from 
the motive power; B the driven 
pulley on the mill-stone ahafl; and 
C the alack aide of tlie belt, which 
paasea over the tightening pulley. 
The arrow indicates the direction 
in which the belt is run. 
In Fig. 2, in which a plan or 
down view" of thia arranj^ement 
IS given, the aame letters indicate 
the same pulleys as in Fig. I ; hut 
in Fig. 2, C ia the tight side of the 
belt, which runs, aa shown by the 
arrow, in the aame direction as in 
Fig, 1. It will be seen that when 
used with the tightener or idle pul- 
ley the quarter-turn belt requires a 
somewhat different arrangement or 
position of the pulleys doing the 
work from that necessary when the 
idler is not employed. 

In Fig. 2 the mill-stone of course 
ifi not shown, but only the pulley B 
by which it is revolved. 
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TABLE OF HORSE POWER WHICH CAN BE SAFELY TRANS- 
MITTED BY BELTING AT DIFFERENT VELOCITIES. 

[By Samuel Webber, in Leffel News.] 
FOR SINGLE BELTS. 
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FOR DOUBLE BELTS. 
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TRANSMISSION OF POWER BY WIRE ROPE. 

The use of wire rope in the transmission of power, instead of lonj: 
lines *of heavy shafting, pillow-blocks, couplings, &c., in cases where 
the distance between the motor and the work to be performed is un- 
sually great, has become quite popular within the last few years. It 
is recommended, under favorable circumstances, by the comparatively 
small cost at which it can be put up and maintained. The wire ropes, 
(which pass over large sheaves or grooved pullej'S at a very high veloc- 
ity,) are manufactured of iron, steel, or copper, as desired, and always 
with a hemp centre or core to increase the pliability, their range in 
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WM being small, varying only from | to j 
hors^pcwer. For tlie smaller powers it ie 
large to increase their wearing caparity ; 
that a large rope is Btiffer tlian a small on 
lost in bending it around the wheel. A i 
it;;' as a | rope transmits less power, sir 
stiffness. 

The wheels should be made of cast iro 
a stout hub and a deep flaring jpoove, the 
pending much on the length of span, and 
subjected to side winds. The rope muBt n 
oakum, rubber, or leather; the last 



inches diameter for 3 to 300 
: advisable to use a size fiill 

but it must be remembered 
e, and that more power is 

rope having the same veloc- 
nplj because of its greater 

n, accurately balanced, with 
depth and width of groove de- 
whether or not the rope be 
iin on a cushion of softwood, 
ioned are best, and are 




cut into pieces of proper shape to be driven into and fit the h 
the groove that has been so made as to prevent the filling from flying 
out. The rope mns on such a cushion without any noise or slipping 
whatever, soon fitting a fimall round groove to itself, and is capable of 
running usually from two to five years, when a new rope can be sup- 
plied at trifling expense. 
At the point where belting becomes too long, the wire rope is proper- 
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Kihe trftusmittitiK medium, and maybe employed even miles in length 
When, however, the distance materially exceeds 350 or 400 feet, inter- 
mediate stations should be erected, mounted by double grooved wheels, 
by that means dividing a long, continuous, and heavy rope into two or 
more short endless ropes, extending from one station to another. The 
stations should be of nearly equal distance apart, but not so near one 
another as to prevent the proper tension of rope. Single pulleys are, 
however, now much used for the intermediate stations, and we believe to 
good advantage, there being but one endless rope in the whole dis- 
tance. The cuts illustrate the double-grooved pulleys or wheels, 
mounted on solid masonry; a cheaper design of iron or wood may be 
used. Special care should be observed in getting the axles and journal- 
boxes well adjusted, and in having a solid foundation reaching^ below 
frost, when the loss of power from friction of journal and air, with the 
bending of rope also, need not exceed 12 per cent per mile, while the 
cost will fall below 7 per cent, of the expense of shafling. Whenever 
the distance is less than 80 feet, it becomes necessary to stretch the 
rope very tight, as the sag cannot be depended upon for the required 
amount of tension ; in such cases the rope should be one or two sizes 
larger, and the maximum velocity maintained. Should the distance 
exceed 450 feet, with no opportunity for an intermediate station, the 
rope in this case should also be one size larger than would otherwise 
be required. In such cases it is also advisable to take up the slack or 
stretch at the end of two or three months ; although the stretch is com- 
paratively little, it is well to have them full tight at first, when, after 
some running, they will adjust themselves to the necessary tension. 

When it can be so arranged, it is advisable to have the upper side of 
rope the follower or slack-side, and the lower the tight or pulling side. 
Obstructions may thus be often avoided, besides affording the rope 
more surface on the groove; but the upper rope should under no cir- 
cumstance be allowed to become so slack as to swing upon the lower 
rope. The possibility of such occurrence would be increased by the 
adoption of small wheels, but should, with ordinary care and watching, 
give little or no difficulty. As to the size of grooved wheels, where 
there should a choice occur between a small wheel of high velocity 
and a large one with a slower speed, the larger one should be preferrea, 
since it both further separates the rope and diminishes the loss of 
power arising from the more abrupt curvature of the small wheel. 



HORSE-POWER OF ENGINES. 



To find the horse-power of an engine, multiply the area of the piston 
in square inches by the average pressure on the piston in pounds per 
inch ; multiply this product by the number of feet of piston travel per 
revolution, and the product thus obtained by the number of revolutions 
per minute ; divide the last product by 33,000, and the quotient will be 
the horse-power. 
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Example: — ^To find the horse-power of an engine with cylinder of 16 
inches diameter, 20 inches stroke, 120 revolutions per minute, with 
average pressure of 40 pounds : 16 inches diameter eives piston area of 
201 square inches ; 201x40 equals 8,040; this by Sfft. (40 inches, be- 
ing a double stroke) equals 26,800 ; this by 120 equals 3,216,000, which 
divided by 33,000 gives 97.454 or about 97 horse-power. 



SPEED OF SHAFTING AND SIZE OF PULLEYS. 

To find the speed of a countershaft, if the revolutions of the main 
shaft and size of pulleys are ^iven : — Multiply the revolutions of the 
main shaft b^ the diameter in inches of the pulley, and divide b^r the 
diameter in inches of the pulley on the countershaft, the quotient will be 
the number of revolutions. 

Example: — ^What will be the speed of a countershaft, with a 12 inch 
pulley driven by a 30 inch pulley 180 revolutions per minute? 180 x 
30 divided by 12 equals 450 revolutions per minute. ' * 

To find the size of a pulley required, if the number of revolutions 
and size of pulley on the main shaft are ^iven : — Multiply the diameter 
in inches of driving pulley by the revolutions of the main shaft, and 
divide by the speed required, the quotient will be the diameter in inch- 
es of the pulley. 

Example : — What will be the diameter of a pulley to make a counter- 
shaft turn 450 revolutions per minute, driven by a 30 inch pulley 180 
revolutions per minute? 180 x 30 divided by 450 equals 12 inch pulley. 

To find the size of a pulley for a main shaft if the speed of shafts 
and diameter of pulley on the countershaft are given : — Multiply the 
diameter in inches of pulley by speed of the countershaft, and^ divide 
by the revolutions of the main shaft, the quotient will be the diameter 
of the pulley. 

Example : — ^What will be the diameter of a pulley, on a main shaft 
making 180 revolutions per minute, to drive a 12 inch pulley 450 revo- 
lutions per minute ? 450 x 12 divided by 180 equals 30 inch pulley. 



SPEED OF DRUMS AND PULLEYS. 

The diameter of the driven being given, to find its number of revo- 
lutions. 

Multiply the diameter of the driver by number of its revolutions, 
and divide the product by the diameter of the driven ; the quotient 
will be the number of revolutions of the driven. 

The diameter and revolutions of the driver being given, to find the 
diameter of the driven that shall make any given number of revolu- 
tions in the same time. 

Multiply the diameter of the driver by its number of revolutions and 
divide the product by the number of revolutions of the driven ; the 
quotient will be its diameter. 
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To ascertain the size of the driver. 

Multiply the diameter of the driven by the number of revolutions 
you wish to make, and divide the product bv the revolutions of the 
driver ; the quotient will be the diameter of tne driver. 

In ordering Pulleys, always give the exact size of the shaft on which 
they are to go, and state how you wish them ^nished on the face • Flat 
face for shining belt, Bounding for non-shifbing belt 



WHEEL GEARING. 

TERMS USED, PROPORTIONS AND RULES FOE CALCULATION. 

DEFINITION OF TERMS. — {HOtWeU.) 

The pitch line of a wheel is the circle upon which the pitch is 
measured, and it is the circumference by which the diameter, or the 
velocity of the wheel, is measured. 

The Fitch is the arc of the circle of the pitch line, and is determined 
by the number of the teeth in the wheel. 

The True Pitch (Chordial), or that by which the dimensions of the 

tooth of a wheel are alone determined, is a straight line drawn from 

the centres of two contiguous teeth upon the pitch line. 

The Line of Centres is the line between the centres of two wheels. 

The Radius of a wheel is the semi-diameter running to the periphery 

of a tooth. 

The Pitch Radius is the semi-diameter running to the pitch line. 
A Mortise Wheel, is a wheel constructed for me reception of teeth 
or cogs, which are fitted into recesses or sockets upon the face of the 
wheeL 

A wheel which impels another is termed the Spur, Driver or Leader; 
the one impelled is the Pinion, Driven, or Follower. 

A series of wheels in connection with each other is termed a Train. 
When two wheels act upon one another, the greater is termed the 
Wheel, and the lesser the Pinion. 

When a pinion is driven by a wheel, the number of teeth in the 
pinion should not be less than eight. 

When a wheel is driven by a pinion, the number of teeth in a pinion 
should not be less than ten. 

The number of teeth in the wheel should not be divisible by the 
number of teeth in the pinion without a remainder. This is in order 
to prevent the same teeth coming together so often as to cause an ir^ 
regular wear of their faces. 



PROPORTION OF TEETH OF WHEELS.— (JlfaZc«tt?ora). 

From pitch line to top of tooth. . . .equals the Pitch multiplied by 0.33 

Total depth of teeth equals the Pitch multiplied by 0.76 

Thickness of tooth on pitch line . . . equals the Pitch multiplied by 0.46 
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• 

Space between teeth on pitch line, .equals the Pitch multiplied by 0.55 

Thickness of rim of wheel equals the Pitch multiplied by 0.45 

Thickness of arms if flat equals the Pitch multipiled by 0.45 

Ordinary width of teeth in small pitches 

equals the Pitch multiplied by 2. 

Ordinary width of teeth in large pitches 

equals the Pitch multiplied by 3. 

Thickness round centre equals the Pitch multiplied by 1.3 

Mortise wheels to be wider than iron wheels by twice the thickness of 
the rim, or by pitch x 0.9; their rim to be double the thickness of that 
of iron wheels. 



RULES OF CALCULATION— (5iwjtce/Z.) 

TO COMPUTE THE NUMBER OF TEETH OF A WHEEL FOR A GIVEN DIAMETER 

AND PITCH. 

Rule. — Divide the diameter by the pitch, and opposite to the quo- 
tient in the table on page 185 is given the number of teeth. 

TO COMPUTE THE NUMBER OF TEETH IN A PINION OR FOLLOWER TO HAVE 

A GIVEN VELOCITY. 

Rule. — ^Multiply the velocity of the driver by its number of teeth, 
and divide the product by the velocity of the driven. 

Example. — The velocity of a driver is 16 revolutions, the number of 
its teeth 54, and the velocity of the pinion is 48 ; what is the number 
of its teeth ? 

16 multiplied by 64 and the product divided by 48 equals 18 teeth. 

2. A wheel having 75 teeth is making 16 revolutions per minute; 
what is the number pf teeth required in the pinion to make 24 revolu- 
tions in the same time ? 

16 multiplied by 75 and the product divided by 24 equals 60 teeth. 

TO compute the diameter of a wheel for a given PITCH AND NUMBER 

OF teeth. 

Rule. — Multiply the diameter in the table on page 185 for the num- 
ber of teeth by the pitch, and the product will give the diameter at the 
pitch circle. 

Example. — ^What is the diameter of a wheel to contain 48 teeth of 
2.5 ins. pitch ? 

15.29 multiplied by 2.5 equals 38.225 ins. 

TO COMPUTE THE PITCH OF A WHEEL FOR A GIVEN DIAMETER AND NUMBER 

OF TEETH. 

Rule. — Divide the diameter of the wheel by the diameter in the 
table on page 185 for the number of teeth, and the quotient will give 
the pitch. 

Example. — ^What is the pitch of a wheel when the diameter of it is 
60.94 inches, and the number of its teeth 80 ? 

50.94 divided by 25.47 equals 2 inches. 
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PITCH OF WHEELS.— Haswell) 

Showing the diameter of a Wheel for a given Pitch, or a Pitch for a 

given Diameter. 
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Note. — The pitch in this table is the true pitch, as before described. 
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TEETH OP WHEELS— CAST-IRON.— (JlfoZc«irorM.) 

Table showing the horse-power that may be transmitted by each inch 
of breadth of tooth, with different velocities and pitches : 
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Pitch of equivalent strength for the teeth of wheels in different materials : 

Pitch for Cast iron equals z.oo, 
" Brass " z,z2. 



" Hard Wood 



Z.25. 



OP FIRST MOTERS. 



DIAMETERS OF JOURNALS OF "FIRST MOVERS." 

The following table, derived iTom the experiments of Mr. Robert 

Bnchanan, gives the required diameter of journals of driving Bbafta or 

" first movers," for a range of 4 to 60 horse poirer and 10 to 105 rero- 

lationa per minute : 
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TABLE OF TRANSMITTING CAPACITY OF SHAFTING. 



trammed ; but as there are comparatively few who can do this, the 
following method may be employed to ascertain whether the spindle 
and consequently the runner, is out of tram : Take off the runner and 
fix a horizontal arm to the spindle head, with a pin or quill projecting 
down from it just far enough to mark on the bed-stone ; then, when the 
spindle is turned, the pin will show whether it is out of tram and if so, 
in which direction it varies from the perpendicular. To put it in tram, 
the followers in the bush may be adjusted, or the step-box moved ; or 
if an improved mill-bush or adjustable step-box is used, the tramming 
is done by simply turning one or two screws. 



TABLE OF TRANSMITTING CAPACITY OF SHAFTING. 

[By Samuel Webber, in Leffel News.] 

The following table gives the number of horse power which may be 
safely transmitted by wrought iron shafling, properly supported, at 100 
revolutions per minute : 
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For other velocities, 
divide by 100. 



multiply by the number of revolutions and 



UNEVEN EXPANSION OF MILLSTONES. 

There is no doubt of the expansion of mill burrs under the heat of 
grinding ; and where the burr blocks are not of even temper or homo- 
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geneous quality, one will expand more than another, producing un- 
eyenness on the face of the burr. When this occurs, it may be. reme- 
died by stopping the burrs and immediately, before they have time to 
cool, applying the red staflF, which will show the high points on the 
stone. Tnese may be dressed off, and when the stone is cold it will be 
• found lower at these points than elsewhere ; but when heated by grind- 
in|g the different degrees of expansion will bring up these low points, 
and the stone will have, while in operation, a true face, which is the 
1 essential point in view. 



RULES FOR ASCERTAINING THE LENGTH OF BELTS. 
[By W. W. Young, in Leffel News.'^ 

To find the length of belting required for any two wheels or pulleys 
whose sizes and distance apart are known : 

For a straight belt for two pulleys of the same size : Add the cir- 
cumference of one of them to twice the distance between their centers. 

For a cross belt for two pulleys of the same size : Add the square 
of one of their diameters to the square of the distance between their 
centres, and to twice the square root of this sum add the circumference 
of one of them. 

For a straight belt for pulleys of different sizes : Take the radius of 
the less from that of the greater pulley ; to the square of their differ- 
ence add the square of the distance between their centres ; and to 
twice the square root of this sum, add half the circumference of each. 

For » cross belt for pulleys of different sizes : To half the difference 
between their diameters add that of the less; to the square of this add 
the square of the distance between their centers ; and to twice the 
square root of this sum, add half the circumference of each. 

These rules will give the exact distance around the pulleys, provided 
they are not so different in size or so near each other as to cause the 
belt to touch more than half the circumference of the larger and less 
than half that of the smaller. In that case a small allowance can be 
made which would still make the rules sufficiently exact for all ordin- 
ary purposes. If a pulley on a horizontal shaft is belted to one on a 
perpendicular shaft, calculate the length of their belt as a straight belt 
for parallel shafts and then make allowances for the twist and mstance 
OTer the idler. 



THE TEETH OF SAWS. 



The pitch of saw-teeth should vary according to the nature of the 
wood to be sawed, being greater for soft than for hard wood ; and for 
cross-cutting the teeth should be smaller and more acute, operating 
like knives upon the wood, while in the rip-saw they should be of larger 
size and cut more after the manner of a chisel. A rip-saw, whether it 
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be a hand or a vertical mill-eaw, should plow its way through the wood, 
presenting its teeth like a series of sharp chisels, leaving a groove be- 
hind it of the same width as the tooth and cutting or paring the wood 
into regular shavings rather than fine dust The front of the tooth 
should slant forward instead of having a direction at right angles with 
the back of the saw ; the diflference resulting in the two cases being 
that in the one the chips will be cut out clean and smooth and with the 
least practicable expenditure of power, while in the other the saw will 
simply be jammed through the wood and scrape out its path with a 
wasteful outlay of strength on the part of the operator or of the mo- 
tive power, whatever it may be. Nevertheless, it is declared by the best 
informed writers upon this subject that in the case of the mill-saw a 
large majority of those in use are of the objectionable pattern above 
described ; while as regards hand-saws, hardly one in ten has any other 
than the bruising, scraping, perpendicular tooth. 

A very common defect in slitting saws is the slenderness of the teeth 
at the points, in consequence of which lack of strength they are found 
to' tremble or chatter, especially when considerable force is applied to 
the saw. The diflference between the strength of teeth shaped like the 
letters W and those shaped more nearly thus LL^ will be perceived 
upon. a moment's examination, the points in the latter case being well 
backed and supported, while the V shaped tooth has comparatively but 
little firmness. This principle is recognized in the construction of all 
rip-saws of modern pattern, whether hand or mill, vertical or circular 
saws. 

It is a well-known fact that a plank is much more easily sawed when 
the saw-table is raised so that the saw just goes through the plank, than 
when the table is lowered so that the plank meets the saw at or near 
the center of the latter. The cause of this is obvious ; the teeth in 
the former case move lengthwise with the grain, like a knife when 
used to whittle a long shaving from a stick ; in the latter case the teeth 
cut the grain nearly at right angles,' as when the knife is used to cut 
square across the stick. 

Thfi points of the teeth of slitting-saws should be slightly beveled 
in order to adapt them to any occasional contact with knots or cross 
grain. If the stuflf were known to be perfectly straight grained the 
teeth might safely be filed square across ; but it is not oflen that such 
a certainty exists. The bevel should be greater for hard than for soft 
wood. Sufl&cient space must always be allowed between the teeth to 
admit of the shaving being held and carried through without crowding 
or choking. 

An important point in filing the teeth of either a straight or circu- 
lar saw is that the teeth should all be given exactly the same lengch, so 
that each will do its proper share of the work. The slightest inequality 
in Ihis respect will produce irregularity in the operation of the saw, 
one tooth cutting the wood while two or three shorter ones before or 
after it, although thev may be in perfect order, perform no service. On 
a straight saw the points should be so accurately in line that they will 
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all toach b. etr^ghtredged rule without Bbowing a variation of e. hun- 
dredth part of an inch. It is the points of the teeth that do the cut- 
ting, and if thej are of irregular length so that the saw jumps from 
one long tooth to another and skips two or three short ones between, 
all the work bestowed on them ia thrown awaj, and the power exerted 
on the saw is in some measure wasted. 

The kein should not be so narrow as to pinch the saw, nor wide 
enough to allow the blade to rattle when in motion — there bfei'ng also, 
in the latter case, a wnate of power in cutting out more wood than is 
neoeaaarr. The teeth should be aetjuatsufficiently to permit the saw 
to work freely — all beyond thia will do more harm than good. 

Unevenness of the poin ' ■.- . . > 



be jointed, and all brought into the same precise line c 
pellinfj every tooth to do a part of the cutting. The work of setting 
and filing a sawjuet aa it ehould be done demands as much skill and 
dexterity aa almost any process in mechanical Industry which can be 
named, inasmuch aa a single false thrust wiUi the file may entirely de- 
stroy the working power of a tooth. 



METHODS OF LAYING OFF SAW TEETH. 

The following system of laying off saw-teeth ia given by a skitlfnl 

workman as the result of thirty years' experience. For a 50 inch saw, 

strike ft circle A from one-half to two-thirda of the distance from the 




eye to the verge. Take a straight edge and lay it at the point of the 
tooth, the other resting on the circle before drawn, making the lin« 



in 

B 0. Gam tlie tootli with a } inch Rummer, i inch down &otn 
the point of the tooth on the line BC; this forms the underside of the 
tooth. Now take hoop iron formed into ft segment of a circle having 
the same radius aa the saw, the chord beinn equal lo tlie line B C ; lay 
one end of the segment even with the nnder edge of the tooth (the 
arch being up) the other end resting on the circle at B. The arch of 



tept like i 



e the face of a chisel, — the comers being full, bo aa to cut clear 
as a mortising chisel. This forms a system easj to be understood, and 
which may be varied to suit the limber to be sawed, and still retain the 
uniformity in size and shape of the teeth, which is of great import- 
ance. The nearer the circle A is drawn to the verge of the saw, the 
greater will be the pitch of the teeth. The point at which the circle ia 
to be drawn, which is the first step in the process, would therefore 
be determined according to the pitch which it is desired to give the 
teeth to adapt them to their intended work. 

Another veteran saw-mill operator describes his method as follows: 
The sliape of the teeth in the following cut is the best I have ever tried 




jet I strike a circle. A, one-fonrth from the centre to the verge. I 
then take a pair of dividers, place one part on the point of a tooth, as 
at D, and the other part on circle A. After placing the dividers, I 
alide them from the point D to the throat E of the next tooth, making 
the line DE, which is the proper circle for the tops of the teeth. I 
•trike another circle, B, three-fourths from the center to the verge. A 
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tousht-edge BF from that circle gives very near the right shape for 
9iie-fourth of an inch of the points of the fronts of the teeth. I gum 
saws with a grind-stone. I turn it down to three-fourths of an inch 
thick at the outer edge, and taper it gradually towards the centre^ I 
erind inside of the line BF from circle B to the points of the teeth, 
ror the reason that it can be filed so much Quicker. I am not guided 
by the line on the front of th§ teeth altogether. I generally file them 
as thin as they will stand and not crumble off at the point I do not 
spring set any. I swage to the gauge on both sides of every tooth. 
Saws dressed in this manner will cut from 3,000 to 4,500 feet of hard 
wood with the bark on and right out of the Missouri river, all sand and 
grit, and 5,000 to 6,500 feet of cottonwood with one filing. 



STRAIGHTENING CIRCULAR SAWS. 

The main causes of spring in saws are, undue heating, uneven cool- 
ing, inferior steel, improper gumming and swaging, or general incom- 
petency upon the part of the operator. 

Circular saws are rendered especially inefficient by being warped or 
dished. The warping or kinking consists in local expansion or con- 
traction, and the remedy is the relief of the tension at one part, or the 
creation of tension at another. To do this successfully requires rare 
judgment and considerable skill upon the part of the workman. Some 
skillful str^ghteners have been known to remedy the evil at a single 
light blow. In no case are the blows delivered to be hard enough to 
leave an indentation or impression upon the saw blade or plate. They 
are made, not with a view to giving the metal a permanent set, but, as 
before suggested, to remove or create tension. 

The tools employed for straightening, are, I, a " doghead '' hammer, 
that is, one having the helve well back from the body of the rounded- 
faced hammer-head; 2, a blocking hammer, adapted to making blows, 

which, if visible, would resemble the lines shown thus ~ — ~ — ~ 

on the saw plate; 3, a straightening block or anvil of iron, with smooth, 
bright and slightly rounded face ; and 4, a wooden block for straight- 
ening the finished saw. 

Of course the greater tension is upon the concave " side of the 

blade, for it is this tension that causes the blade to bend in that direc- 
tion. To relieve this contraction the blade is laid flat upon the anvil, 
concave side- up, and with the doghead hammer, slow, firm, solid blows 
are struck upon the warped place, the hammer bei-ng so manipulated 
that the least possible rebound of the hammer takes place. Sucn blows 
stretch the concave portion and relieve the tension at that point. 

To straighten out warps or kinks by blows on the convex - — ^-^ side 
of the blade, the blocking hammer is used, the convex side being up- 
ifriird on the anvil and the operator striking even, steady blows at prop^ 
er intervals on the surface of the blade. This latter method is usually 
employed in taking bends or local kinks out of hand or straight-sttws. 
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When a circular saw is dished, or evenly concave, the do^head hani' 
mer must be used at proper intervals throughout the entire concave 
surface of the saw. The saw is finally tested bv bending it, by sight- 
ing it, or by applying a straight-edge to its surface. . A slight tension 
should be left on the outer diameter of every circular saw, to allow for 
the expansion which always takes place at that part through the cen- 
trifugal motion of the saw. 

If the saw is badly warped, and the workman is ipt^ skilled mechanic, 
the services of a regular saw manufacturer shoiild be called into 
requisition, as more harm than good may be done bj- unskillful treat- 
ment of the saw. 



HANGING, FILING AND SETTING CIRCULAR SAWS. 

First examine your collars, using a straight edge to see that no fash 
has been raised around the pin-holes, or other obstructions to prevent 
the collars biting upon the outer edge when screwed ^p. See that the 
mandrel is firm in its boxes, and not too tight to heat in running, or 
has too much lateral motion. Place the saw upon the mandrel, the 
flat side next to the log. When the saw does not run perfectly true it 
may be remedied by packing thin letter x>aper between it and the fixed 
collar. When this is accomplished, adjust the mandrel so that when 
the front teeth touch the log the back teeth are set off a sufficient dis- 
tance to clear themselves. This " pitch " will ordinarily be scant 1-16 
inch in a 56 to 60 inch saw. Joint or round off your saw, so that each 
tooth will do its proportion of work. The most expeditious mode of 
doing this, is to hold a piece of grindstone (placed upon something 
stationary) against the teeth while the saw is running, or by attaching 
a file to the end of a piece of scantling while^the saw is turned back- 
ward, either by hand or power. 



SHARPENING CIRCULAR SAWS. 

The following method is recommended for sharpening a circular 
saw which has become blunted. The saw being set in motion, a fine 
cut file is held against the teeth until all are equally leveled. A point- 
ed tool or steel pen, dipped in ink, is then applied to the saw as it re- 
volves, a little below the depth of the teeth, making a circle on the saw 
plate. The saw is then taken from the spindle and either remounted 
or screwed into a bench-vise between two washers of wood, which 
should reach within half an inch of the teeth. The teeth are then 
carefully filed to the line drawn with the tool or pen. 



THE THEORY AND PRACTICE OF BALANCING A MILLSTONR 

It should first be remarked that a stone should never be put in bal- 
ance under a less speed than is counted working speed when grinding. 



The first thitig to bo done is to aet out two boB 
inches wide and J or j of Bn incTi tbiok. Light 
eaoQgh to allow the boorda to be slipped und 
boards, one on each side of the spindle, about 
the spindle and the skirt of the Btoae. Their pn 
following ciil, in which are reprc-cnted the ui 




and lighter it down until it bears solid on the bt 
the mnner and make it run true with the face 
over the back of the runner, from which to turn 
make it true with the face. Prtvioaa to turning 
the foUowerB in the bush should be exnmini^d an 
tlie spindle steady and prevent any lateral mo 
with loose followers. After the runner has hee 
boards are to be tnken out and the runner start 
speed. Hold a pancil aaai'ist the rest providei 
for turning the back, until tim pencil touchPB tl 
si the outer edge of the stone. 

Now atop the stone and see which side the pf 
marked side being the one which runa hijth. If 
of the weight of that aide happens to be below t 
is the cause of the atnne Tunning high on that 
may be above the Ipvel of the cock-eye on th 
where the pencil marked, and nhuiild that be thi 
of that aide running low, as the line of motion 
difference of weight above and below the levc 
oppodte ddes of tjie atone. 



e distinct idea of tKe applicatjoa of 




Fig. 2. 



Line C would be the line of motion if the stone were in perfect run- 
ning balance, that line being parallel to the face of the runner. But 
suppose the stone to be tven^ pounds heavier at B than at A — the 
position of the stone would be so changed by the centrifugal force of 
this excess of twenty pounds at B that line D would represent the 
plane of motion, the stone being depressed on one side and elerated 
on the other, and the face of the mnner would be out of level in th« 
same degree as line D. This is an extreme illustration, as the stone 
would not in any case show so much out of running balance as line 
D without throwing itself from the cock-head before it could be broaght 
up to motion ; but we give an exaggerated view of the case in order to 
explain the principle more clearly. 

To make a stone run true that ia out of balance in the manner indi- 
cated in the cut, it is necessary to add at E a weight equal to the excess 
at B— it beine supposed, meanwhile, that the weight at F is equal to 
that at A. If it be supposed, on the other hand, that B and E are 
equal and the stone, out of balance by reason of an excess of weight 
at A, that excess must be equalized by placing a corresponding freight 
atF. 

There are various methods of ascertaining where the excess of 
weight is that causes the stone to ran out of bMance. An expert can 
generally determine the point by stopping the stone and tipping it bj 
bearing on it with his finger around the edge. Where this cannot be 
done, take a piece of hoop iron, pat it ©round the stone, and slip bars 
oj lead in behind it at the point where they appear to be needed. Start 
' . - -~-. e correctly, and continue tiTing 

.^ nt of weight in the right place. 

Cut into the stone where the' lead has been placed behind the hoop- 
iron, and put in the lead, adding to it the weight of the iron and plaster 
or stone which has been cut out. Plaster uj) the hole and fry the stone 
to determine whether it is in perfect running balance, as it ehonld 
prove to be if the work has been carefully and accurately done. 

If the stone is found b> be in perfect running balance, slop it knd it 
will immediately show whether it is in standing balance, as the heitvT 



until you have placed the right amount of weight in the right p 
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side will go down. It is easy to ascertain, hj laying weights on the 
light side until the heavy side comes up level, exactly how much weight 
is required to put the stone in standing balance. The question, how- 
ever, is, where is this weight to be placed in order not to affect the 
running balance ? To determine this, measure the distance from the 
top of the cock-eye to the face of the stone — then measure the same 
distance up from the face on the outside of the stone, reaching the 
point indicated by line C on the diagram. Cut into the side and run 
in the desired amount of weight to put the stone in standing balance. 
This weight must be equally divided above and below line C (the level 
of the cock-eye) or it will disturb the running balance. 

Considerable practice is necessary to enable a workman to put a stone 
in perfect balance, but the foregoing directions will be found reliable 
as a guide in the process. The bed-stone must of course be level and 
the spindle in perfect tram, in order to do good work. While the back 
of the stone is being turned off, it is well to put an old cloth or bag in 
the eye, to prevent the plaster from getting down round the neck of 
the spindle. It is also desirable that the surface of contact of the 
cock-head and cock-eye should not exceed one-fourth of an inch at 
most, in order that the stone ma^ balance easily. 

Valentine Bachman, M. E^ in the Mechanical News^ gives the 
following analysis of this method: To examine the conditions 
relative to balancing, and to trace the effects produced bjr an unbalanced 
runner, to their cause, we refer to the adjoining figure m which R, R, 
represents a section of the runner-stone ; B, B, a section of the nether 
stationary or bed-stone ; S, the mill-spindle provided at the upper end 
.with a steel-pivot P, upon which the runneivstone is suspendea, so as 
io admit of free oscillation. The distance from the face F, F, of the 
runnei>stone to the pivot P, is found in practice to be from 6 to 8 
inches, according to the size of the stone. Since the thickness of the 
runner-stone vanes from 12 to 20 inches, this would bring the center of 
gravity of the runner-stone below the point of suspension P, a condi- 
tion favorable to stability, or in other words, the millstone when dis- 
turbed, will oscillate until equilibrium is restored. It will not be so 
easily upset. In order that the runner-stone may be in " balance," or 
the distance between the face F, F, of the runner-stone and the face 
F^, F'', of the bed-stone, be equal, when the latter is perfectly horizon- 
tal, and the former freely suspended, the weight of the portion of the 
runner on one side of a line. A, A, drawn through the point of suspen- 
sion P, and perpendicular to the face F'', F^, must be equal to the 
corresponding half on the other side of the same line. Should this 
not be the case, the deficiency is easily made up by cutting a cavity at 
the light side, near the circumference and filling it with an amount of 
lead sufficient to establish the proper equilibrium. 

Millstones when balanced while at rest, are usually found, when 
running, not to retain an equal dista.nce between the faces ; one side 
will drag ; bear harder on the meal subjected to its action ; consequently 
a millstone in this condition will grind unevenly. It is said to be out 
of " running balance." 



From the very nature of tie construction of the French millstone 
(the kind naed at present roost exclusively), being an assemblage of 
blocks, called " burr blocks," of various sizes and on an average aboot 




6 inches thick, the remainder of the body of the millslone being made 
up of spawls. all cemented together with plaster of Paris ; it is evident 
that the material can not easily be distributed symmetrically, u t« 
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Weight. To illustrate — conceive a line E, E, drawn through the pivot 
P, and parallel to the face F, F. We will also suppose a section 6 
inches thick cut out of the center of the millstone 4 feet in diameter 
would weigh about 260 lbs., taking the weight of the plaster at 90 lbs. 
per cubic foot, and that of thd burr block at 160 lbs. 

Now it may happen that in the construction of the millstone, 45 lbs. 
may be placed to the right of the center line A, A, and below the 
horizontal line E, E; 35 lbs. may come above this line on the same 
side of A, A,; 55 lbs. and 25 lbs. may chance to be on the opposite, 
below and above E, E, respectively. The sum of the weights on the 
right of A, A, is equal to the sum of the weights on the left, viz : 80 
lbs. The standing balance still obtains. The center of gravity a, and 
g^ of each half of our section taken separately however, will not oe in 
or at equal distances from the line E, E, with the material thus dis- 
tributed ; but will fall above on the right to ^^^ and below on the left 
to^^''; a line joining these centers of gravity will take the direction 
N, N. Now when a millstone so constructed is rotated about its axis 
A, A, the center of gravity g^^^ will rise, and g^^ tend to fall. The 
line N, N, would become nearer horizontal as the speed increases, the 
line E, E, becomes inclined and the face F, F, untrue. The millstone 
is out of " Running balance." 

The amount of pressure produced in our example assumed, we com- 
pute as follows : We di;aw a line through the center of gravity g^^ 
parallel to the face F, F, until it meets the perpendicular line, A, A,; 
we similarly draw a line through g^^^. We will also suppose the centers 
of gravity g^^ and or^''^ to be removed \ of an inch from their proper 
place on the line E, E. The centrifugal force would be given, by the 

known expression — - — where w, represents the mass, or the weight 

divided by the force of gravity, in our case for J of the section-^p?, 

is the velocity in this instance, for the point g^^ or g^^^ and in a stone 4 
feet in diameter at 175 revolutions i)er minute, 18 feet per second, 
about ; r, represents the radius, equal to P, or equals 1 ft. in our case. 

80. 18 18. 

Hence substituting these values in the formula, we obtain j^2.i, equals 

810 lbs. for the centrifugal force. The part of this force which is effec- 
tive in producing the pressure at X equals 810. Cosine of the angle 
EP X equals 734 pounds nearly. The force acts with the lever arms 
g g^^ equals \ inch and PX equals 25 inches. We have therefore, for . 

the total pressure at the point X 4-725 X 2 equals 14.68_lbs.; an amount 

not unfrequently present in millstones in use. 

What is required, therefore, to adjust the " Running Balance " with- 
out disturbing the " Standing Balance " is to add or remove the same 
weight from each side. Thus if we add 10 lbs. to the part weighing 
25 lbs. and the same amount to the part weighing 45 lbs., we have 
not disturbed the standing balance, while we have made the weights of 
the parts above and below the line E, E, equal respectively. 
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Several patent balsncea which facilitate the operation have been in- 
troduced. A more common one conaiets of a cast iron box, vhich is 
inserted in the atone at the circomference, and in which a weight can 
be raised or lowered b; means of a screw. All that is required m this 
case, is to find the high point in the manner descritieil ; raise the 
weight at this point, and lower it at the low point, thua taking weipiht 
from the upper half of thestone audadding to the lower half, and the 
reverae. 

Some further illustrations of the distinction between standing and 
running balance, with directions for tramming the epindle into the run- 
ner, are given hj a practical millwright, aa follows : 

It is CBsential that the runner ahould be hunj; perfectly in the center, 
that it should be backed with good calcined plaster, and nicely turned 
off. If it should then be out of balance, weight it at three equal points 
on the periphery, taking care to put the weight on a level with the 
point of the spindle if possible. The reason why a stone ma;^ balance 
when at rest, and not when in motion, may be illustrated aa in Fig. 1 
representing a slone balanced at rest, but not in running balance as 




will be Been by Fig. 2, rejtresenting thepositiou toward vhich the same 
stone irill tend when put in motion, mien in motion, No. 2 and No. 
3 have a tendency to come into a horizontal line with No. 1. 




TOOL FOR RESOTIXO 8 






It is esseittial that vour drivers have an equal bearing at eacli end ; 
<iTei7 spindle shoald be trammed into the rannerbeforeoemg placed Id 
its final position. To dothii, lay your runner off, face up; place the 
Bpindle and driver in the eye, in working position j make a tram of a 
strip of board about eighteen inches long, by making a bole halfway 
throngh at one end ; put this on the step point; take another ftrip 
about two feet long, make a half circle at one end that will fit the neck 
of the spindle, place it near the fhce of tjie stone, and connect the two 
by a strip from one to the other, parallel to Uie spindle ; make a hole 
r end of the lower piece, after the manner r' ' 



at the 01 




. -, ._and upon the face of the stone, moving the top or 
Bl«p end of the spindle, until it is at riffht angles with the face of the 
mnner. Then o&serve whether your driver bears equally at each end ; 
if not, file off until it does. The process described will be clearly nn- 
d by an examination of Fig. 3. 




TOOL FOR REMOVING SCALE FROM BOILERS. 

Various implements are used for removing scale 
from boilers, a mill-pick, for instance, being frequent^ 
employed. In the accompanying cut, however, is 
illustrated a tool which has been found decidedly 
preferable to the pick, being expressly adapted to this 
particular use. It is 4 inches long, and IJ- inches on 
cutting edges. There is a cutting edge on each side 
of the handle, one edge being parallel to the handle, 
and the other at ri^ht an<t1os with it, Tlie weight of 
the tool it about one pound. 



MILI^TONE DRESS. 

The following query was presented some time since : " A miller is 
lajing otF & dresa on a four-foot burr, say 18 quarters, two furrows to 
the quarter. He eteps otf the 18 quarters at the skirt and marks ; then 
he draws e, circle of 8 inches diameter around the eye, for 4 inches 
drafl. He lays his tiirrow stick outside of the circle and to mark on 
the skirt, and draws a line. Doea that line represent the feather edge 
of the fiiiTow or the back'" 

Mr. M. N. Elwell of Oneonta, N Y , furnishes the following reply 
and the accompanying diagrams which fully illustrate his points: If 
the fiirrow stick is laid outaide the draft — as shown in Fig 1 — to lay 




ont the main tiirrows, the line along the side of the stick next to the 
draft circle represents the feather edge side of furrow and the line 
&rthest from the draft circle the back or deep side Then the burr 
will have the width of these furrows more draft than the draft circle 
represents. The draft should be measnred from the deep side of the 

The correct way to lay out the main furrows is shown in Fig 2, 



r roRRows in 



which represents a four foot slone, having i inches draft, 18 qnarterij 
3 furrows and 3 lands to each quarter; scale one foot to } of an inch. 
After deciding how much draft the burr is to have, and the number of 




Pig. 2.- 

qusrters, draw a circle representing that draft, the diameter of which 
must be twice the draft, whether it be 3 or 4 inches — more or less. 

Space off the quarters, around the circumference, marking at each 
point. Then with a furrow stick made the width you wish the furrows 
to be, proceed to lay out the furrows by laying one end on the inside 
of the draft circle, bringing the edge brthest from you to its center, 
and the other end and same edge of the stick to the center of one of 
the quarter marks, and mark out the furrow. This brings the deep or 
hack side of the furrow to draft circle, where it should be to give the 
burr the draft that the circle represents. 



LAVING OUT FURROWS IN MILLSTONES. 

[By A, P. Fenwick in Lefel JVews.] 

In the diagrams, 1, 2 and 3, we are supposed to be unencumbered 

nith eye fittings, sucli aa bush, boxes, and balance rynd. The method 
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of laying off the furrows with those parts fitted, will be treated further 
on. In each case we yhll suppose that the stone is face upwards and 
leyel, with a board fitted in the eye, leyel with the stone facci 

The first moye is to find the center of the stone on the board. In 
Fig. 1 is shown the method of finding the center, as far back as I can 
remember, and may yet answer veiy well in some instances where 
small stones are used. We will now suppose we are supplied with a 
beam-compass, with which to divide the circumference into four equal 
parts, starting at a given point A^. These divisions being found, the 
four points are established at ^ ^, A By all the same as the given 




point at A^. The beam-compass is now set to reach to within an inch 
of the center of the stone, one leg resting at one of the quarter points; 
scribo a short line on the board, and proceed to the other quarter 
points in turn, till the square in the eye board is complete at G Lay 
a rule on the square and draw the diagonal lines from corner to corner 
as shown. The point where the lines cross is the center from which 
the draft circle is described. With small compasses the required drafl 
is given, which in most cases is given in inches and half inches, as the 
stone is feet or half feet in diameter, widening the compasses in inches 
or half inches, for every foot or half foot of diameter ; now complete 
the draft circle. 

' In Fig. 2 the operation differs slightly from the operation in Fig. 1, 
but its importance will be readily understood. The more distant the 
circumference is from the center, the more important the object be- 
comes to secure tl^e exact center ; especially when the fittings are to 
place or replace, or the position of existing fittines is required. The 
least departure firom the center in such cases, will result in dissatis- 
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ftction iMtli in balancing and grinding. Proceeding at a given point 
A\ inck away the plaster from the side of the stone down to the hoop, 
against which side one leg of the beam-compass' will work, and stand 
square. In this operation the compass points will need to be nearly 
two inches wider apart, than was used for Fig. 1. 

The first lines ot bisection are now made, as at C^, starting at a 
Ipyen point A^^ and from a position directly opposite. At each place 
where the compass leg is to stand .prepare a place for it to set squarely 
up against the stone, so that when the center is found, it will be the 
center of the stone proper without including the plaster. A straight 
edge is laid to where these lines of bisection cross each other, and the 




line BB is drawn clear across the stone. The extremities of this line 
B B are the points from which to scribe the other lines of bisection at 
C. through which draw the line ^ ^ in the same manner sk B B. 
Where these lines A A and B B cross each other, is the exact center 
of the stone, from which the position of the balance rynd and the boxes 
maybe located, or the position of existing ones ascertained, and the 
draft circle described. 

At Fig. 3 the representations are as follows : A the circumference, 
B a circle to space the quarters upon, CHhe eye, D the drafl circle, B 
the back line of fiirrow, ^ a given point We now proceed to space 
the required number of quarters upon the circle B, starting at a given 
point I* every time a circuit is made, till the spaces are all equal, and 
finish up with marking them as shown. 

A ftirrow strip is now laid with one edge as E from one of the points, 
on circle .fi to one side of draft circle on the inside. One line only 
extends to the drafl circle, to show the position of the furrow strip in 
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marking out all the leading Airrows ; both sides may be lined before 
remoying the strip. 

The three fiirrows shown are called leaders. Mark all the leaders 
out first, using a strip the same width its whole length. The ordinary 
width of this strip is If inches. A tapered strip is now required to 
produce the lands and the rest of the furrows. llie dimensions of the 
tapered land strip given below, will be governed' by the width of the 
If inch furrow strip, because whatever shape or width the furrows may 





Scale //ir m^ Id tkelbot 

be required at any future time, may be accomplished by making a fur- 
row strip the desired shape or width, the position for the back edee 
being then given ; that, however, the lands may be increased or di- 
minished, it is accomplished at the feather line or cutting edge. Taper 
strip measurements: 
For 4i feet stone 22 inches long, wide end 2} inches 

" 3J " " 16 " " " «« 1 15-16' inches. 

In each instance the small end to be i indi wide. The land and 
furrow strip will now follow each other till the other two furrows ire 
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marked beginning with a leading furrow and moving forward, allowing 
the wide end of the land strip to come just to the edge of the stone 
each move. The area of space and furrow with this dress will be nearly 
equal in a twelve quarter dress, three furrows to the quarter. 

F^res 4 and 5 represent a valuable assistant in marking out the 
leading lines of the leading furrows under any circumstances. It can 
be used on runner or bed stone, for right or left hand dress, or with 
the spindle in place or out of place. A hole is made in it to fit the 
spindle easily, the small end to terminate at the circumference of the 
size of stone used; a hole is bored near the latter end to admit a 
pencil, with which to describe the circle B. The part Fig. 5, is made 
to fit the large hole in Fig. 4 tightly, so that the whole can be used to 
mark the leading lines of runner or bed stone when the eyes are un- 
obstructed, simply by inserting a small iron pin through the center of 
eye board. The amount of draft required is calculated from the center 
of spindle hole to the square ed^e marked thus X. This assistant is 
best made of a piece of hard, thin, well seasoned board. 

The diagram Fig. 3, shows how to lay out the work with the sun ; if 
required to lay out against the sun, turn the assistant over, and com- 
mence on the left hand side of the stone. 



HOW TO COMPUTE THE CONTENTS OF A HOPPER. 

The following rule for computing the contents of a hopper is simple 
and easy of applicati^on^, and will be found reliable in practice : 

Multiply the length by the breadth, in inches, and this product by one« 
third of the depth, measuring to the point. Divide the last product by 
2,150, (the number of cubic inches in a bushel,) and the quotient thus 
obtained will be the contents of the hopper in bushels. 



VARIOUS METHODS OF SETTINQ THE BEVELS OF A HOPPER 

The scale of this cut is three-fourths of one inch to one foot, and the 
hopper 3 feet square on top and 22 inches deep when set together. 
First strike out the square of the hopper to any scale you wish to work 
by. Intersect the square both ways m the center, and strike a diagonal 
as shown at A ; scale off on that line from center, B, to C, the depth 
of hopper. Set ^our dividers at center, B, and depth of hopper at C, 
and swing the dividers round until they intersect perpendicular line 
D. Draw a diagonal line, E, from that point to center line, F. Set 
your dividers on line F so that by striking a circle they will intersect 
perpendicular line D and the outside line of the square of hopper; 
strike a right-angled line, G, from center of line E, until it intersects the 
circle ; then drop a perpendicular line H down to intersect diagonal 
line A. Carry that line at ri^ht angles until it intersects perpendicular 
line J) } then drop a perpendicnlftr Tine I down to line A, and draw li^^ 



It line D fa khown. It U by lines I and J Aat J*"* "* 
Tour bevel aquare to cot the comera of tbe hopper by. 
To get the length of the aides of corners, strike a line, tl, trom v/ i 




comer of oqtiare^ This gives the length, of line IM. ii>**"5'^„i?3' 
pendicttkrftne »! -""^ ^» determine, rt.e widlh of^*^ "^^ 
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from which to make the hopper. You can make any allowance at 
point H, for hole in hopper, tbat is thought saltable. To get the corner 
strip to Gt the coniera, mitke diagonal line N, from corner to centi^r. 
^t jour dividers on line N wherever jou pleaae, and strike a circle 
that will just intersect line K. Draw a line, 0, through the center of 
the circle at exactly right angles to line N, until it intersects the two 
ontside lines of hoppers. Draw anc'ilar lines PP tointersect the circle 
on line N. This is where the bevel is set, around lines PP, to get the 
angle of corner strips. The draft should be carefully and correctly 
made, and the edges of the boards exactly so nare where the bevel square 
is applied to cut the comers. The method nere described is applicable 
for any size, depth or width of hopper required. 



Plat the hopper on a laree scale. Draw the diagonals A C and D B, 
also the perpendiculars E F and G H. From the center L lay olf one 
of the diagonals the distance L I, equal to the vertical depth of the 
hopper. Connect D I; then with the angle D I A give the bevel to he 
applied to the edge of the board to cut the required joint between two 
adjacent sides. Next make D K equal D 1, and draw D K and A K. 




Then will the angle A D K or K A D give the required bevel to bo 
applied on the turface of the board, in order to cut the sides of Uie 
intiper slope, and give them tiie proper incUnation. 



Ascertain the size you want jour hopper on the tup, then make a 
draft accordingtothesize, asA, B, C, D. Then find the depth you vould 
have the sides, as E E. Draw one side piece, C E D. Extend the line 
C D an; diatimce, as to J. Then draw a line fi^>in thepoint E, perpen- 
dicalar to the line D E, until it intersects C D, aaj at F. Then set the 
dividers with one point at E, the other at F. and sweep EG until it 
strikes the line A D. Now draw the line G F. The angle A G F 




wonld be the angle required to set the lieyel for the mitre nf a hopper 
of Any size. Then place tJie bevel to correspond with the lines A OF. 
To prove it with the dividers or tram, take the distance D E and sweep 
to I, on aline from B to C. From the point I raine a perpendicnlac 
I K to the line A D. Take the distance K I and sweep to O; and iF 
the circle I G and the line FG meet exacttj at the point G, the work is 
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neastiring a trifle less than 61 inches acroas the top. I . . 

distADce trom center of hopper to one of the corners at right angles 
with BQch corner (as ahown by dotted line) and lengthen the upngbt 
line C just ao much, aa at H; from which point Btrike lines E andP 
to the comers of the hopper. Set jour bevel by thcae linea for cottier 
pieces, and also for joints of hopper, if sq^uare joints, orbj-one of these 
linea and the upright line H, for mitre joiQta. The diagram is draWn 
to a scale of 1 inch to 24. 




Let the square A BCD repre- 
sent the top of the hofliver. Cp 
Eand CAP the two attain); b ides, 
of any desired depth. Select tbb 
points XX at pleasure, equi-^a- 
tant from C. ana draw the perpen- 
dicnlar XY. Draw the diagonal 
YY, upon which erect the Isos- 
celes triangle Y Y Z, making the 
aides Y Z, equal to XY, the angle 
YZY being the angle or bevel 
sought To demonstrate- Cut the 
outHne of the diagram from a 
piece of poBteboarai draw the 



I two a^ioiuiuS sides so that the 
I linea CF and C E shall join. It 
I will now be seen that the angles 

J YYZand YYX are equal, Y Y 

X being the proper angle delineated npon the side of the hopper. 



REMEDIES FOR WEEVIL IS MILLS AND GRANARIES. 
It ia said that tar is a sure agent for expelling these troublesome in* 
sects. An open cask impregnated with tar was placed in a granaiy 
tlraa infested, and in a short time the weevils were seen climbing aloi^ 
the walls in mjriada and flying in all directions from the caak. The 
tarred vessel being moved from place to place, the premises were in a 
few days completely cleared of the vermin. A few old planks, with 
their surfaces impregnated with tar (which should be renewed from 
time to time) will serve the same purpose. 

Another method is to wash the walls and floors with boiling water 
or potash lye, exploring every crack thoroughly with a stiff broom dip- 
pea in the lye. Whitewashing the walls, with a thick coat put on 
wikkle liot, is also recommended, and a further protection is fonnd in 
covering the windows with fine wire gauze to keep out all insects. 



2V2 BOLTING CLOTH. 

BOLTING CLOTH. 

The numbers of bolting cloth in common use range from 000 up to 
16, the first mentioned being the coarsest, and the last the finest of the 
series ; and these, as well as the intermediate numbers, are determined 
by the number of holes or meshes in a given space. The \ following 
table gives the number of squares or meshes in each running 
inch, and also the number in each square inch, for. the different num- 
bers of cloth : 

No. of Squares per Squares per 

Cloth. running inch. square inch. 

000 24 676 

00. 32 1,024 

42 1,764 

1 62 ,. 2,704 

2 60 3,600 

3 64 4,096 

4 68 4,624 

6 72 6,184 

6 80 6,400 

7 88 7,744 

8 92 8,464 

9 .100 10,000 

.10..... 110 12,100 

11 120 14,400 

12 130 16,900 

13. 140 19,600 

14. 150 22,500 

15 160 26,600 

16 , 170 .28,900 

The foregoing table may be readily applied and calculated from by 
the use of Qie ordinary magnifier or cloth-glass ; but as the space in- 
cluded in the field of vision of the glass is only one-fourth of an inch 
square (one-sixteenth of a square inch) the figures of the second col- 
unin in the table must be divided by 4, and those of the third column 
by 16, in order that the number of squares given may correspond with 
the observation made through the glass. We therefore add, for the 
convenience of the reader, a table comprising the medium numbers 6, 
7, 8 and 9, showing the number of squares which will be counted 
through the glass; this being sufficient to show how the second table is 
derived from the first, the same method serving for any of the other 
descriptions of cloth, whether coarser or finer : 

No. of Squares per l( Squares |>er 

Cloth'. running incn. z-z6 square in. 

6.^^ 20 400 

7 22 484 

8 23 629 

9. 25 626 
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The standard and generally received significance of bolting cloth 
numbers is that given in the foregoing tables ; and it is of course de- 
sirable that one sole interpretation should be adhered to, in order that 
the language oC the milling business may be uniform, and the seller 
and purchaser of bolting-cloths be able to understand each other 
correctly. 

The Dufour & Go. bolting-cloth, which has become so famous where- 
ever the manufacture of flour is carried on, is made by the firm whose 
name it bears, at Thai, in the Swiss canton of St Gall, and is distin- 
guished for its evenness and roundness of thread, its regularity of 
texture and the accuracy with which the cloths correspond to their re- 
spective numbers. To keep the bolt in good order it is necessaiy to 
use occasionally the cloth sweep, made by sewing a breadth of cotton 
cloth by the edge to a small rope, long enough to reach the whole ' 
length of the bolt This is hnng up alongside the reel on the descend- 
ing side, in such a way that it wul drag lightly upon the bolt cloth as it 
revolves, and remove the beards. As a continual dragging of the 
sweep will injure the bolt-cloth, and only an occasional application is 
required, the sweep is so arranged that it can be drawn up or let down 
at pleasure. When it is first applied after a long interval, the bolt 
should be run empty for a while, and then carefully shaken down and 
swept out — otherwise the grist may be spoiled. In some rare cases, as 
in the event of an accident or very careless treatment of the bolt, it 
may become necessary to wash the cloth free from accumulations of 
pasted flour by applying spirits of wine or turpentine freely with a 
sponge, whipping the cloth smartly but lightly with a small switch as 
soon as it is perfectly dry. Where the Dutch Anker cloth is used, this 
operation must be performed with the utmost care, and the spirit used 
in small quantity, as otherwise the sizing on the threads will be dissolved 
and destroyed. Where the reel is covered with the English or musHn 
cloth, no liability exists of injury to the fabric by the application of 
the spirit 



VERMIN IN BOLTING CLOTHS. 



An effectual remedy for vermin in bolting-cloths is an object of 
earnest search by every miller, and many expedients have been tried. 
Good results have been obtained by unslipping the burrs, just before 
stopping the mill for a two or three days' rest and running at rapid 
roeed until the elevators, conveyors and reels are quite clean or empty. 
This is done on the theory that the bugs work on the cloth only when 
the mill is standing, and that they merely cut their way out of the bolt 
from the inside, and do not eat the silk as moths destroy woolen fabrics. 

Another method, successfully employed in old mills long infested 
with bugs, is to cover a reel with wire-cloth of such fineness as not to 
let the bugs pass through it and bolt the chop through this just before 
entering the silk-cloth reel. Not only does this prevent the bugs from 
gaining an entrance to the reel, but it also keeps out hard substances 
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which might injnre the silk cloth. This method has the advantage of 
being a prOTentive rather than a remedy. To keep the bugs out alto- 
gether is more sfttisfactory than any plan which con be deriaed for 
expelling them afler they have elfected a lodgment inside, as they 
etiek very olstinately to the cloth in the neighborhood of the rib nntil 
they voluntarily eat their way out. Where tnia wire-cloth bolt is used 
before passing the chop into the silk-cloth reel, large quantities of the 
bugs may he caught by placing a barrel at the end of the wire-holt, 
taking care to make ue inside of the barrel so smooth that the bugs 
cannot escape. 

The ravages of the bugs may be diminished by making muslin doors 
to the chest and snrrounding it with glass, thua admitting as much 
ii^ht as possible. The most scrupulous cleanliness in all parts of the 
mill most be observed, whatever elae may be done. No dirt orrubhish 
should be allowed to gather ; as it is evident that the unclean a 
latjons in a mill not properly cared for are a most fruitful source 
vermin — not only bolt-eaters, but all other insects which are bred i: 
flouring mill. 



SIMPLE SPEED INDICATOR FOR MILL SPINDLEa 

To the spindle, a, fasten a strong wire or rod about I foot long in 
snch a manner that it can freely ewin^ perpendicularly. Near the 
---' -^ ■'■■- "-'-e lasten a ball abont 2 mchea in diameter. As the 




qundle revolves, the ball, of course, rises, and maintains a higher or 
lower position as the revolutions are increaaed or decreased. 

To a solid post, d, two small bells, c, c, are fastened in such a manner 
that should the burrs, and consequently the spindle, run too fast, the 
wire extending beyond the ball will cause the upper bell to ring. 
Should the revolutions be too slow, the wire will ring the lower bell as 
shown in the diagram. With this arrangement any miller will be able 
to regulate permanently the number of revolutiona he wishes his burrs 
to make. For this simple apparatus no extra shafts, pulleys or belts 
are required. It will be noticed in the diagram, that the lower bell 
must be made to swing. 



USEFUL DEVICE FOR FLODB ELEVATORS. 

Millers are often annoyed by the accumulation of dough in the fionr 
and feed or meal elevators, the quantity becoming bo ereat after a time 
that the strap and 'buckets cease to run. Unless tne elevators are 
constructed so as lo be easily taken apart, the clearing of them is quite 
a difficult matter. The accompanying sketches show a device by which 
this difficulty is overcome. 





A is a thin plate of iron, the width of the belt, and some 4 or 6 
inches lonK, and fastened to the belt at the four corners by screws or 
rivets, and upon this plate are three stubs, the center one being the 
longest and having a Wiread cut on it fijr the reception of a th.umb-nBt. 
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B is also a thin plate, made the width of the belt, having throuffh its 
center a slot, and the outer ends, II. turned up at right augles with the 
belt D. The edges of thia plate are thin and sharp lor cutting the 
dongh from the cases. This plate B is made to fit the stubs on plate 
A, and is held in place by the thumb-screw and nut C, while the slot 
^lowis of its being adjusted to one eide of the case or the other, as 
_: . ^ niay demand. 



"TRUBING" THE FACE OP A MILL-BURR. 
It often happens that the face of a mill-hurr is winding in such a 
manner that the ordinary use of the red-staff in ascertaining the points 
of inequality does not meet the demands of the case. In such instances 
a method is adopted of which the following diagram will serve to 
convey a tolerably distinct idea. 




The rnnner stone in represented in the diafrram, and in shown turned 
over on its back. A ia a round piece of wood It or 2 inches thick, and 
lai^e enough to wedge tightly into the eye. B indicates the red-staff, 
C a screw inserted in the piece of wood A, and D ia a steel plate^a 
piece of saw-plate answers very well— about J inch thick and 2 inches 
square, let into the red-slalT as shown, and forming, with the head of 
the screw, which must be nicely rounded off. the pivotal bearing upon 
which the staff rests. The staff will turn and oscillate with theereateat 
freedom, being hung after the manner of the m^netic needle in a 
compass. 

To find the places at which the face of the stone is " in wind," the 
red-staff is tapped with the finger and the mannerof its vibration against 
the stone is closely observed. To do this intelligently and interpret 
the rattiingor "wabbling" of the staffrequirea a practiced hand. We 
can hardly convey, in fact, either by words or drawings, to a person 
entirely unskilled, a clear understanding of the process; hut it will he 
readily comprehended by an experienced workman withoat such 
minnte explanation. The cut will serve to show how the apparatus il 
arranged, and the rest must depend mainly on tiie judgment of tbo 
operatOb 
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When tbe poBition of a high point is delected by the irregular 
Tibration of the Etafl' when lapped with the hnger, the slafT ia taken 
olT and applied on thai part of the atone in tbe tmual manner, the 
poinia where the red appears dressed down, and the stalT again balanced 
on the head of the screw, which can be turned down graduallj as the 
atone approaclies a perfectly true face ; and this process is repealed as 
long as the staff vibrates irregularly in any direction. When it is found 
to have a perfectly even and Bolid contact with the stone, wherever it 
may be tapped or in whichever direction it may be turned, the face of 
the stone may be considered absolutely true, and "out of wind," or 
us nearly BO as mechanical skill can make it. 

Another method, recommended by a practical miller, is as follows: 
My plan is to have a short spindle, say lU inches long by 1} inches in 
diameter secured in the eye of the stone as above described, letting it 
come above the face say 8 inchcH, to be trammed as near as the winding 
face will admit. Now lake a staff of the usual form, bore a hole in 
the center say 3 inches in diameter; now fix a bale on the back, and 
directly over.the hole. (This may be done either by bending a strip of 
band iron, orframing two posts on either side of the hole and fixing a 
cap on top of the posts ) Put a set screw in the cap directly over the 
hole in the staff, to rest on the top of the spindle to raise and lower 
the staff with. Now fix in the staff ^ or 4 set screws in such shape as 
to set against the spindle to answer as foUoweis Paint the staff put 
it on (he spindle, turn up the set screws so as to touch the spindle and 
B of the screw in the bale let the staff down lo the stone 
._ . . 3 staff around ; the paint in tbe atone will tell you where to 
dress off. Continue tbe operation of stafliing and dressing nntil it 
paints all around, and lour stone will be out of wind It will not 
require an experienced workman to work the staff or take dte stone 
out of wind. 
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DEFECTIVE COCK-HEADS. 



DEFECTIVE COCK-HEADS— THEIR RESULTS AND HOW TO 

RECTIFY THEM. 

[By A. Forrest in Leffel New8.'\ 

One of the most disastrous causes of unsatisfactory work on the part 
of millstones in use, is defective cock-heads. In the cock-head mill, 
it becomes most essential that the cock-head and eye should be as 
perfect as possible, to accomplish its design. The cock-head should be 
so made that it affords a fixed point of suspension for the stone, as 
well as allowing it to oscillate freely, and neither of these conditions 
should be disturbed while the stone is doing its work. I have figured 
several forms of cock-heads which I have seen in actual use, and some 



^g.2. 




Fig, 3. 




Fig, 4. 



Fig. 5. 
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of them were made in very pretentious shops. I might make drawings- 
of hundreds equaDy defective, but the cases presented are sufficient to 
call attention to the subject. 

Fig. 2, exhibits a very common form, and an^'one can see at once, 
that when the pressure of the stone is partially relieved, by the grain 
passing between the stones, the point of oscillation becomes very 
uncertain. Fig. 5, shows still another form, in which the point of 
oscillation is more accurately defined, but is subject to same objection, 
while in use, as the first, and is sure, in a little while, to assume the 
form shown in Fig. 2, as the point will become blunt by wear. Fig. 4, 
shows a most fatal form, and yet quite common, fitting none of the 
conditions mentioned above. No stone can be kept in either running 
or standing balance on such a cock-head in such a cock-eye. 

Fig. 3, exhibits what I deem to be the proper form, if the utmost 
care is had in its making. The bearing portion of this cock-head is in 
form of half of a sphere accurately defined, and the eye is made to 
correspond with it, both being perfect. The eye should be cherried 
out to a depth exceeding the half sphere of the cock-head, by at least 
i of an inch, as shown m the cut ; the body of the cock-head being 
reduced, leaving the half spherical form full and complete, and thus 
allowing the stone to oscillate without binding. Now, it will readily 
lie seen, that in case the grain passing between the stones should, not 
only relieve the whole pressure of the stone upon the cock-head, but 
actually lift it up to the extent of i of an inch, the firm pivotal bearing 
would be maintained, and the stone held firmly to its central position 
until it settled back to its place. I think any one will see the practical 
philosophy of this form of cock-head. 

This is apparently a trifling matter, yet to just such defects in cock- 
heads as I nave described, may be attributed much of the trouble 
millers experience with their burrs. I do know that I have complete!}' 
remedied the unsatisfactory performance of a number of burrs, by 
simply remodeling the cock-neads upon which they were suspendea. 
Let me say to millers, that when they can not accurately balance their 
burrs, nor keep them in balance when grinding, first look for the cause 
in defective cock-heads. 



STANDARD WEIGHTS OF GRAIN AND SEED PER BUSHEL. 



Wheat 60 Us. 

Rye 66 " 

Shelled Corn ....56 " 

Ear Corn 68 & 70 " 

Corn Meal 50 " 

Oats ....33 " 

Barlev 48 " 

Peas." 60 " 

Beans 60 " 

Potatoes 60 " 



Clover Seed 62 lbs. 

Timothy Seed 45 

Flaxseed 66 

Hemp Seed 44 

Millet Seed 50 " 

Hungarian Seed 50 " 

Blue Grass Seed 14 " 

Canary Seed 60 

Hominy 60 

Bran and Shorts 25 
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DEVICE FOR HOLDING SACKS. 



A device for holding sacks or bags upon a spout 
to catch the meal, flour orbran, inhereillastrated. 
The essential feature of the arrangement is the 
nse of the slippiug-brakes. the position of which 
relatively to tlie sack A and spout B, (the upper 
part of which is indicated hy Qotted lines) will be 
readily seen in the sketch. The blocks are about 
6 Inches long and 1 inch square, and maj be 
raised or lowered to any position desired accord- 
ing to the length of the sack; the manner iu 
which the cords pass through them giving, in 
whatever position, a hold upon them which 
prevents the coeds from slipping, so long as they 
are drawn tight by any weight from below. 




ily made, of any desirable size, and at very trifling 
cost. Scantling 2i by 3i inches will serve aa the 
material. The buckets should be made of soft 
wood and fastened to the belt by two or more wood 
screws passing through the belt and into the lop of 
the buckets, which should be left thick enough to 
receive them. The back, or side next to the belt, 
is beveled a little under square, so aa to give the 
point of the bucket a slight elevation. Buckets 
thus made, and placed on the belt 18 inches apart, 
have been fonnd to elevate easily 25 buaheis of 
meal or flour per hour, provided the belt runs the 
proper speed. 

An. elevator bucket meide of untanned leather 
is showD in the two succeeding cuts. The raw-hide 
must first be limed and the hair taken off, and the 
bucket is then to be cut and made while the leather 
is 6oft and pliable. Figure 1 shows the shape in 
which the leather is to be out; the letters A A 
indicating where the punch holes for rivets are to 
be made, and the dotted lines indicating where the 



leatlier ia to be folded to fonn the bucket. In pnttinf; together, the 
buckets will require four rivets each, two of which are lo he i inch in 
leneth, and tvo i inch. First pot in the | livetii at the bottom, as at A 
in Fig. 2, and rivet them ; then puueh the belt bo that the holes will 




come in line with the upper holea in bucket, forming the bucket and 
fastening it to the belt with the same rivets, using the J inch rivets for 
the.parpose. Buckets made in this way have been found very lagcing 
and serviceable. 



TO SEPARATE LIGHT WHEAT FROM GOOD. 
The following method is recommended : Take lye from wood ashes, 
strong enough to bear np a potato, and having poured the grain into 
it, skim off all that floats, aud pour 00" the lye. The grain may then 
be rinsed, and spread out so that it will dry quickly, when it will be in 
fit condition for sowing. Not only is the li^ht weight thus removed, 
hnt insects or their eggs which may be mixed with the grain are 
destroyed, and no injury is caused to the grain if it is not allowed to 
remain in the lye. For lighter grains than wheat, lye of less strength 



CRMF,NT FOR MILLSTONES. 



The following h^s been recommended by a French chemist asacood 
cement for millstones: OxychJoride of magnesium is known to be a 
hydraulic cement of great strength and bardnesB. This cement is the 
basis of an artificial burrstone, and is formed by adding a solution of 
i>h1nride of magnesinm of the proper strength, and in the proper pro- 
ons, to the oxide of magneaiiim obtained by cnkining magnesite. 
. magneait* is burned in an ordinary limekiln at a dark cherry-red 
heat. The result is protoxide of magnesium, which is next ground to 
a fine powder, makinga cement which is perfectly white. This cement 
is then mixed with pulverized burr-stone in proper proportions. When 



K. 
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applied in filling the joints or cavities of millstones it is wetted with 
chloride of maiznesium, which converts the oxide of magnesium into 
o^chloride. The chemical result is due to the combination of the 
chloride with the oxide of magnesium. It is said that when made into 
blocks of stone it is capable of resisting a crushing weight of niore 
than 20,000 pounds to the square inch. There is another method of 
making a millstone cement which has been tested and act^ verpr well. 
Take 4 ounces of No. 4 emery, 4 ounces gypsum (plaster of Pans) and 
4 ounces of alum. Heat hot until the alum is melted. Mix the planter 
in water to the consistency of cream ; put all the ingredients in a 
vessel and heat until the alum is melted ; stir well or the emery will 
not mix well. To prepare the stone where you want to put the cement, 
take a pint of rain-water and dissolve in it as much sal ammoniac as 
the water will hold in solution ; then clean out the cavity to be filled 
and wash well with the sal ammoniac water and you will never have to 
fill up that cavity again. In one instance the eye of the stone all 
scaled and crumbled off and this cement was used, and it held the bush 
as good as ever. It is stronglv recommended by those who have used it. 
Millstone cement made of alum and borax for mending broken 
joints in burrs, is often burnt in melting, thus making a poor job. If 
the same ingredients, pounded up, are melted by hot water in a glue 
pot, a good joint may be obtained. 



RE-BACKING MILLSTONES. 



The processes employed in building millstones at the factory, although 
interesting in their nature to all engaged in the manufacture of flour, 
do not immediately concern the practical miller, except so far as he 
may have occasion to use the same methods in the care and manage- 
ment of his mill. The process of putting a back upon the upper or 
running stone is one with which it is sometimes necessary for the 
miller, or at all events the millwright, to be sufficiently acquainted to 
enable him to perform the task; and it is, moreover, one of those 
things which if not done properly might nearly as well be left undone. 
It may be said, indeed, that this is true of almost all branches of the 
work of a mill; for it would be difficult to point out an item which can 
be slighted in the least particular without direct damage to the business, 
either in the amount or quality of the product of the mill. 

As the most expedient position in which to handle the burr, no better 
course can be followed than to let it rest upon the spindle-head, as in 
this case it can be filled more evenly and brought, when finished, more 
nearly to a perfect standing balance, than is possible when the stone is 
laid upon the floor or other similar support. "When ready to receive 
the back, the stone is supposed to be otherwise in complete order — ^with 
the exception, of course, of the final process of putting it in running 
and standing balance. The starting-hoop, which is of iron, should be 
about 1} incnes wide, and the space between its lower edge and the 
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face of the stone about f of an inch. Between the fitarting-hoop and 
the band a space of about 1 inch should occur, and the band, also of 
iron, should be about 11 inches in width. The entire depth of a stone, 
including the filling and plaster back, should be from 18 to 24 inches; 
the former being suitable for a 3 or 3^ fl. and the latter for a 4} ft. burr; 
In the case we are supposing, however, which is that of putting a new 
back upon an old stone, the sizes, proportions and arrangement of the 
hoop and band will be already fixed, and are presumed not to require 
any alteration. 

Having taken out the old back, the spawls or fragments of burr- 
stone removed are to be thoroughly cleaned and all the old faster 
adhering to them got rid of before they are again used. The upper 
surface of the burr-blocks composing the stone is also to be scraped 
clean ; and both this surface and the spawls should be dampened before 
introducing the plaster. The preparation of the plaster is the next 
step ; and in this part of the work an excellent method is to mix the 
plaster with alum water — as much alum being used as the water will 
take up in standing five or six hours. Prepared in this manner, the 
plaster will set harder than if simply mixed with water, and the back 
will of course be all the more durable. The plaster when put in should 
be quite thin, as it will harden with great rapidity, and it must penetrate 
every part of the back and thoroughly unite with the spawls, before it 
•'sets in order to give the work the necessary compactness and 
strength. 

The back having been filled to such a hight as the workman may 
deem suitable, the concluding process is turning it off, which may be 
done with an ordinary carpenter's chisel, a rest being fixed up for the 
purpose. It is desirable that the back should be made perfectly true 
and even, as otherwise, even if the stone is actually in running balance 
it will have an appearance of unevenness or "wabbling" when put in 
motion. We have known an expert millwright to turn off the back of 
a* millstone with such unerring accuracy that when running the eye 
could scarcely detect the motion. 

It is frequently necessary to renew a part, but not the whole back of 
the stone, in which case, the cut having been made and the requisite 
amount taken out, holes should be made slanting downward and 
outward in every direction from the main cavity. The necessity for 
these arises from the fact that the new plaster will not reliably unite 
with or adhere to the old, and the slanting holes are intended to serve 
as anchors or roots, so to speak, holding the mass of new plaster down 
firmly in its place. The holes should be thoroughly cleaned out and 
the (fust made in drilling them removed, after which the cavity is 
dampened in every part and the plaster poured in and forced down as 
compactly as possible. 

The importance of a firm and durable back on a millstone is well 
understood by every miller. Cases have been known in which, pieces 
of a back which had crumbled or broken loose have been thrown 
violently off by the revolutions of the stone, causing great injiury, and 
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even loss of life. Against results of. this character it is impossible to 
take toQ great precaution, especially when a moderate amount of care 
and watchfulness is all that is required. 



CAUSES AND PREVENTION OF FLOUR MILL EXPLOSIONS. 

The principle cause of explosions in flour-mills is held by Valentine 
Bachman (PoMechnic Review) to be the large quantities of finely- 
divided dust floating about in the mill, which becomes ignited in 
presence of lights or fire. The chances for an explosion of flour-dust 
may be increased by the presence of marsh-gas or olefiant gas, generated 
from quantities of dust undergoing decomposition. In mills operating 
under the " new process/' the conditions for an explbsipn obtain more 
easibr. In the old way of milling, the grain was ground ver^ fine in 
the nrst operation ; nearly all the flour could be obtained, leaving very; 
little for a subsequent grinding. In the " new process," the object is 
simply to granulate the craiu m the first grinding, or crushing, making 
as little nour as possible. The coarse particles, or middlings, thus 
obtained, after being separated from the flour and coarse bran ar^ 
mixed with fine specks or bran. For the purpose of separating these- 
specks from the middlings, they are together subjected to the action of- 
a machine (middlings purifier) and a current of air, which carries with- 
it the fine particles of bran or specks, leaving the middlings pure and ■ 
white, fit for the best flour. The specks, dust and air, the latter having 
become very dry (any moisture being retained by the middlings), are 
blown into a dust-room, where most of the dust is deposited, while the air 
escapes outside of the mill or chamber. We have, therefore, in this 
dust-chamber fine particles of dust in abundance, and dry air under a 
pressure, conditions favorable for an explosion. Besides, by allowing 
the dust to accumulate in the chamber, decomposition may take place 
and explosive gases may be generated, making the mill or dust-house 
B» dangerous as a powdeivmagazine. 

If the dust-houses are made of sheet iron on all but one side, and 
the remaining side constructed of light material and so located as to 
be a part of the side of the mill, the danger of a destructive explosion 
will be greatly reduced. The material for dust-spouts, especially those 
from all stones, should be sheet-iron, and the end away from the 
dust-house should pass through the wall of the mill and be covered with 
light material. The construction of the flour and middlings elevators 
and spouts should be such as to prevent air-draughts througn them, and 
the conveying of materials by fans should also lae avoided as far as 
possible. An open light should never be used, under any circumstances, 
in any part of the mill, neither should a light be strucK, even to light 
a lantern, where anv dust is present. If it is necessary to introduce a 
light where a draught of air may bring dust in contact with it, as in a 
spout or bin, first close one end of the spout; or better still, substitute 
for the ordinary lantern a light covered with very fine wire gauze. 
Regulate the supply of feed'to the burrs so that they shall not run emp^ 
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and strike sparks. If the exhaust-boxes, dust and smulrrooms are 
located outside of the mill, and care is taken that they are cleaned 
only when the mill is not running, or that the connection is such that 
in case of explosion the flame wfll not be readily communicated to the 
dust within the mill, tiie liability of disaster will be much diminished. 
The plan of blowing steam into the dust-room of the flouring mill, 
at suitable intervals, has been suggested, as a remedy for explosions, 
tiius preventing too dry an atmosphere, and causing the particles of 
dust to coalesce and fall to the floor. Want of sufficient ventilation is 
also believed to be one of the causes of explosions, on the theoiy that 
tlie gases generated by the steam around the burrs inside the hoops 
accumulate and form an element of the explosive composition. The 
method proposed for counteracting this tendency is to run a lar^e box 
ventilator from the stone-floor to top of mill, wim openings into it from 
each floor, and spouts connecting the dust-rooms and middlings bins 
with the main trunk of the ventilator. The natural draft through such 
a ventilator will, it is claimed, carry off the finest dust and the explosive 
gases, and thus remove the principal source of danger. 



REMEDY FOR MUSTY SMELL IN GRAIN. 

A musty smell may be removed from grain by mixing powdered coal 
with it and letting it stand for fourteen days, at the end of which time 
the coal dust is removed by the purifying machine. This treatment is 
said to remove every trace of mould, and the flour made is excellent. 
This process is only practicable in mild weather, and not during a time 
of frost. Another method may be employed with oats. Put a layer 
from 3 to 4 inches thick in a baking oven in which bread has just been 
baked ; leave the door and flue open, and stir it about for ten or fifteen 
minutes until it is well aired and dried. 



HOW TO JUDGE GOOD GRINDING. 

Catch, your hand full of meal as it falls from the stones, and feel it 
lightly between your fingers and thumb ; and if it feels smooth and not 
ofly or clammy, and wilinot stick much to the hand, it shows it to be 
fine enough, and the stones to be sharp. If there be no lumps to be 
^ felt larger than the rest, but all of one fineness, it shows the stones .to 

be well faced, an4 the furrows not to have too much draught, as none 
\ has escaped unground. If the meal feels very smooth and oily, and 

' sticks much to the hand, it shows it to be too low ground, hard pressed 

and the stones dull. But if it feels part oily and part coarse and lumpy 
and will stick much to the hand, it shows that the stones have too much 
feed ; or, that they are dull, and badly faced, or have some furrows that 
have too much draught, or are too deep, or perhaps too steep at the 
back edge, as part has escaped unground, and part too much pressed 
and low. Catch your hand full, and holding the palm up; shut it 
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brisklj; if the greatest quantity of the meal fly out and eacape between 
your fingers, it shows it to be in a fine and lively state, the stones sharp, 
the bran thin and that it will bolt well. But the greater the quantity 
that stays in the hand, the more faulty is the flour. Catch a hand^l of 
meal in a sieve, and sift the meal clean out of the bran ; then feel it, 
and if it feels soft and springing and elastic, and also feels thin, with 
but little sticking, to the inside of the bran, and no pieces found much 
thicker than the rest, the stones are shown to be sharp, and the grinding 
well done, but if it is broad and stiff, and the inside white, it is a sure 
sign that the stones are dull or overfed. If you find some parts that 
are much thicker and harder than the rest such as half or quarter 
^grains, it shows that there are some furrows that have too much draught; 
or are too deep or steep at the back edge ; else that you are grinding 
with less feed than the depth of the fiirrows and velocity of the stone 
will bear. 

The foregoing are Oliver Evans' rules for judging the quality of the 
grinding, and may fairly be regarded as " old, but good." Another 
practical miller tests the meal by catching a handful and pressing the 
thumb slowly down upon it. If it settles together like iSie unsteady 
packing of snow, the grinding is all right. 



TO PREVENT CLOGGING OF MIDDLINGS. 

A device which has been employed with success to prevent the 
clogging of middlings, consists of a simple rod of wood placed inside 
the eye and extending to the balance rynd. The rotary motion of the 
rod separates the middlings and prevents clogging, the same device 
being equally effective if extended into the feeding spout 



REGULATING THE MILLSTONE DRIVER. 

The directions given by an experienced miller are : First level the 
bed-stone, put down your runner, tie a rope to it at a point equal to the 
hight of the cock-head, turn the stone round until the driver stands 
north and south, then fasten the rope to a post, put on a portion of 
your power ; now hoist the runner till it clears the bed-stone. The 
runner can now be rocked north and south, or with the driver, and will 
stay about as you put it, but east and west, or across the driver, it is 
stubborn, according to the amount of power attached. Take a sheet 
of paper, tear it in two, fold each piece, slip one under each side of the 
stone, east and west, and let your runner down until one of the papers 
becomes tight; this shows the low side of the stone as it would be when 
running. Now move the foot of the spindle until both papers are 
tight, letting down the stone as you move the spindle. When both 
papers become alike, the stones face exactly together. Then shut, off 
your power, turn the stone just half round, tie again; then if the faces 
come exactly together when reversed, all is right with the driver, and 
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with the spindle east and west. Then shut off the power, release it 
from its caole, turn i round, tie as before : now tram spindle north and 
south, always keeping the papers at points crossing the driver. 

When the first trisd is made, and one paper becomes tight first, then 
if you will reverse your stone without moving the foot of spindle, if 
the driver be wrong the paper on the opposite side will be tight. 



AVERAGE PRICE OF WHEAT FOR TWENTY-NINE YEARS. 

The following table, prepared by Messrs. Warder & Barnett, millers, 
Springfield, Ohio, from records carefully kept by them, shows the 
average price of wheat, as indicated by purchases made at their mill, 
from 1862 to 1880 inclusive — a period cf 29 years. 

Average price in 1852, 63 cents per bushel. 

" 1853, ; 82 " " 

" 1854, $1.43 " " 

" " 1855, 1.57 " • 

" 1856, 1.04 " " 

" " 1857, 1.00 " " 

" 1858, 74 " " 

" 1859, 1.09 " " 

" 1860, 1.04 ' " 

" 1861, 80 " " 

" 1862, 83 " " 

" " 1863 1.06 " '* 

" " 1864, 1.60 " '* 

" 1866, 1.50 " " 

" " 1866, 2.15 " " 

" 1867, 2.41 " " 

" 1868, 2.05 " " 

" " 1869, 1.16 " " 

" II ro, 1.06 " *' 

" " 1871, 1.24 " " 

" " 1872, 1.48 " " 

" " 1873, 1.44 " " 

" " 1874, 1.21 '• " 

" " 1875, 1.22 " " 

" " 1876, 1.23 " '• 

" 1877, 1.38 " " 

" 1878, 1.00 " " 

" " 1879, 1.05 " " 

" " 1880, 1.08 " " 

The prices named are for merchantable red wheat, mostly Mediter- 
ranean. 

The lowest price reached during the twenty-nine years covered by 
these statistics was 56 cts. per bushel, in August, 1852 ; the highest, 
$3.10 per bushel, in May, 1867. 
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SETTING UP AND RUNNING STEAM PUMPS 

The Dean Pump Works, of Indianapolis, give the following valuable 
hints on the management of steam pumps: 

Never use a smaller pipe on the suction than the list indicates. 

Avoid right angles in the pipe, where it is possible. 

Where it is practicable, make bends with a large radius. 

Put a foot valve and strainer on the end of the suction pipe. 

Do not place the pump more than 29 feet from the water. 

Where hot water is pumped, the supply must be above the pump. 

Make all joints in the suction pipe tight. 

A small leak in the suction is very detrimental. 

Keep the stuffing boxes nicely packed. 

Oil the pump before starting it, and keep the oil wiped off where it 
is not neeaed. 

Some engineers seem to think that if their boilers are supplied with 
water there is no need of looking afler the pump, or taking any care 
of it. A good pump is as worthy of being taken care of as a good 
engine, and we would suggest to all engineers and persons using or 
having charge of pumps, that they spend a few moments every day in 
cleaning them up, removing all extra oil on them, wiping off the dust 
and dirt, and seeing that they are in good condition and working well 
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The English Boiler Insurance and Steam Power Company issues the 
following instructions to eneine firemen : 
Water gauges should be blown out frequently during the day, and the 

§ lasses and passages to the gauges kept clean. More acciaents are 
ue to inattention to water gauges than to all other causes put together. 

Safety valves should be tned at least once a day to make sure that 
they will act freely. Overloading or neglect of these valves tends to 
the most disastrous results, and can not be too carefully guarded 
against. 

Pressure gauges, where fitted with cocks, should be tried occasionally 
by shutting off the steam and letting the pointer run back to zero. For 
this purpose the gauge should be arranged to open to the atmosphere 
when shut off from the boiler. 

Blow-off cocks should be taken apart, examined, and greased when 
the boiler is cleaned. Make certain that no water is escaping from 
the blow-off when the cock is supposed to be closed. 

Check-valves, or self-acting feed valves, should be taken out and 
examined when the boiler is cleaned. Satisfy yourself frequently that 
the valve is acting when the feed pump is at work. 

Fusible plugs should be examined when the boiler is cleaned, and 
carefully scraped clean on both the water and fire sides. II this not 
donife the plug will not act. 

To save coal, keep the boiler clean inside and outside. If there is a 
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plentiful snpply of steam, keep a thick fire ; but if short of steam, 
work with a thin fire, keeping the bars* evenly covered. Firing a 
fornace on each side alternately tends to prevent smoke. 

To preserve the boiler, raise the steam slowly. Never light fires till 
the water shows in the ^auge glass. Never empty under pressure; but 
allow the boiler and bnckwork to cool before running the water off. 
Clean the boiler inside regularly once a month, oftener if the water be 
bad. Clean all flues once a month, stop any leakages, and get rid of any 
I damp in the seatings or covering. Eixamine especially plates subject 

to the direct action of fire, the underside of the boiler, and any parts 
in contact with the brickwork, or with copper or brass, where water is 
present. If not required for some time, and it is impracticable to 
empty and thoroughly dry it, fill the boiler quite full with water, and 
put in a quantity of common washing soda. 

Should the water get too low, draw fires at once as a rule ; but if the 
fire is very heavy, or if the furnace crown appears to be red-hot, it is 
best to smother the fire with wet ashes, wet slack, or any earth that may 
be at hand. The dampers may then be closed. If the engine is running, 
or the feed pumps delivering into the boiler, do not stop them ; but if 
not working, do not start them, and do not attempt to blow off the 
steam until the fire is out, and the over-heated plates have cooled. 



PAINTING MACHINERY. 



Great lack of taste is often displaved in painting machinery, which 
is too often daubed with the most glaring and ill-contrasted colors that 
disgust the sight and mar the general appearance of the machine. 
The following remarks will assist our readers to a better comprehension 
of what we mean, and also to select proper artistic contrasts. We have 
seen machinery in which bright, gaudy reds and scarlets mingled with 
bright blues and yellows in the most extraordinary wav. A very little 
consideration will show that such combinations are breaches of har- 
mony, which require that one color shall be subservient to the other, 
so as to pleasantly blend the whole to an even and pleasing tone. 
Thus, the complementaries of red, are green ; of blue, orange ; of 
yellow, violet. Precise rules, however, can not be laid down, and 
much depends upon artistic effect to be decided by the reasoning eye. 
The following suggestions as to contrasts, however, may be found of 
assistance: 



I. Black and warm brown, 
n. Violet and pale green. 
m. Violet and light rose color. 
rV. Deep blue and golden brown. 

V. Chocolate and bright blue, 

VI. Deep red and gray. 

VII. Maroon and warm green. 

VIII. Deep blue and pink. 

IX. Chocolate and pea-green. 



X. Maroon and deep blue, 

XI. Claret and buff. 

XII. Black and warm green. 
Xin. Slate color with nearly all 

bright colors excepting blues. 

XIV. Buff and black. 

XV. Buff and blue or mauve, 
and soon. 
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CHOOSING OAK TIMBER. 

Being very hard in texture, oak is peculiarly adapted for all purposes 
where great strength and durability are required ; while its color, which 
when new is a deep red or light brown, and when old a dark brown, 
adapts it for all descriptions of household furniture, pannelling, and 
cabinet work. When applied to the latter purposes it is generally 
carved, for which its closeness of grain peculiarly adapts it ; but this 
is often a work of great trouble, on account of the hard knots which 
run through it. In the selection of oak a grea( deal depends on a 
knowledge of the soil on which it has been grown, for we generally find 
that when the product of a peculiarily rich soil it is deficient in 
strength, being full of sap, which necessarily impairs the solidity of the 
wood. Again, we have to consider the efiects which the atmosphere 
produces upon it in the situation in which it is grown, as it has been 
found that even the product of a few acres may vary in quality accord- 
ing to the position of the trees ; thus, those having a nof therly aspect 
have been uniformly oetter in quality than those exposed to the rays of 
the noonday sun. The best means of discovering the comparative 
quality of different kinds of oak consists in immersiu^-; several speci- 
mens in water, and attentively watching the respective eights of each 
after having been soaked for a certain time ; the specimen that has 
imbibed the least quantity of the fluid should always be chosen for use, 
as that may be depended upon as being closest in grain, and, conse- 
quently, least liable to decay. Those trees which have been cut down 
in winter should always, when possible, be selected, for in such the sap 
has become partially dry, and, consequently, they require less seasoning. 
Great attention should always be paid to tne state of the timber about 
to be selected, examining well the central parts, as there it is that decay 
generally first shows itself. It is to a want of proper attention to this 
point that many disastrous accidents may be ascribed, with regard to 
the beams employed for supporting roofs, etc., breaking beneaui their 
loads. 



SELECTING TIMBERS. 



Rankine says that there are certain appearances characteristic of 
good wood to what class soever it belongs. In the same species of 
wood, that specimen will in general be the strongest and the most 
durable which has g^own the slowest, as shown by the narrowness of 
tiie annular rings. The cellular tissue, as seen in the medullary rays 
(when visible), should be hard and compact The vascular or fibrous 
tissue should adhere firmly together, and should show no wooliness at 
a freshly cut surface ; nor should it clog the teeth of the saw with loose 
fibers. If the wood is colored, darkness of color is in general a sign 
of strength and durability. The freshly cut surface of the wood should 
be firm and shining, and should have somewhat of a translucent 
appearance. In wood of a given species, the heavier specimens are in 
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general tbe stronger ai.d the more lasting. Among resinous woods, 
lose which have the least resin in their pores, and, among non-resinous 
woods, those which have least sap or gum in them, are in general the 
strongest and most lasting. Timber should be free from such blemishes 
as " clefts," or cracks radiating from the center ; " cup shakes," or 
cracks which partially separate one layer from another; "upsets," 
where the fibers have been crippled by compression ; " wind galls," or 
wounds in a layer of wood, which have been covered and concealed by 
the growth of subsequent layers over them; and hollow or spongy 
places in the center or elsewhere, indicating the commencement of 
decay. 

TESTING FLOUR ADULTERATIONS. 

Dr. Himly, Professor of Chemistry, at the University of Kiel, has 
suggested a method by means of which any person of ordinary intelli- 
gence may test the amount of adulteration of flour. It is based upon 
wie fact that chloroform is specifically lighter than nearly all the 
substances usually employed for these adulterations, such as lime, chalk 
barytes, plaster, marble, bone-powder, etc., while the genuine flour is- 
again lighter than chloroform, in which none of the above-named 
substances are soluble. The testing process is of the simplest, and all 
the apparatus required is a small test tube about |-inch in diameter and 
4 or 6 inches long. A teaspoonfiil of the flour to be tested is placed 
in the test glass and chloroform poured on to fill the vessel to about 
three-quarters of its length, when it is well shaken, and then placed in 
an upright position, so as to remain undisturbed until the various 
substances mixed together have had time to find the level assigned 
them by their specific gravity, the flour swimming near the surface at 
the top of tho vessel, while the mineral bodies will sink to the bottom. 
It should be observed that unadulterated flour will often show a slight 
filmy deposit of a greyish or brownish color, which it must be supposed 
is stone dust produced in grinding. A white deposit, however, will 
invariably indicate an adulteration with one or another of the substances 
mentioned above. If the materials are weighed before and after 
separation, the amount or degree of adulteration may be pretty accur* 
ately ascertained. 



CALENDER ROLLS. 

Paper calender rolls are almost as hard as iron, but are used in 
preference to iron because, while they will preserve their roundness, 
truth and smoothness, they possess a certain amount of elasticity, and 
are therefore less liable to damage from the strain due to any foreign 
substance passing through them. The method- of fixing the paper to 
the roll is as follows: Disks of thin common brown paper, of a 
diameter large enough to turn up to the required diameter of roll, and 
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with a hole in the center of each large enough for them to pass freely 
over the roller shaft, are first cut out; then a number of similar disks, 
with the central hole about 4 or 6 inches larger; are made. In putting 
these disks upon the roll shaft, four having the smaller holes are put 
on, and then one with the large hole, the object being to insure that 
the paper shall press together at and towards the outer diameter of the 
roll, and not bind so tightly towards the center — and thus the outer 
part of the roll is sure to be the most compact and therefore the most 
durable. 

To avoid bending the roll shaft by reason of any unevenness in the 
thickness of one side of the sheet of paper from which the disks are 
cut, every other disk is turned halfway around when placed upon the 
shaft. When the latter is filled with these disks, it is placed under a 
very powerful hydraulic press, giving a pressure of about 200 tons, 
which compresses the disks solid togeSier without the aid of glue or any 
other adhesive substance. The disks are allowed to stand until they are 
compressed sufficiently to give room for additional disks, which are 
added in the same manner as before, the whole being again compressed. 
This process is continued until the intended length of the roller is filled 
with compound paper, when the latter is fastened — this, with the 
locking and finishing, completing the operation. 



CONDITIONS INJURIOUS TO SIGHT. 

Prof. Raux mentions the following: (1.) Air vitiated by animal 
emanation, vegetable or mineral dust, the smoke of various combusti- 
bles, especially that of tobacco, in which nicotine exists. (2.) 
Temperature too high or too low, and sudden changes or draughts. 
(3.) Clothing too tight particularly the neck or waist (4.) Position 
with the head and body too much bent forward during labor with the 
eyes. (5.) Premature study, excess of reading, etc. (6.) Alcoholic 
excesses. (7.) Use of the eyes and brain immediately after eating. 
(8.) Habitual constipation, cold feet, and everything which tends. to 
produce congestion of the head. (9.) Immorality, especially during 
childhood and youth. We might assign a cause still more potent than 
any of the foregoing, viz : a deficiency of light. 



HOW TO PUT AN ENGINE IN LINE. 

[by STEPHEN ROPER, IN LEFPEL NEWS.] 

An engine is in line when the axis of the cylinder, and the piston 
rod are in one and the same straight line, in all positions. This line 
extended should intersect the axis of the engine shaft, and be at right 
angles to it. The guides should also be parallel thereto. The shaft 
must be level, but the center line of the cylinder maybe level, inclined, 
or vertical according to the design of the engine. 
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To "lineup" an engine, as it is eenerallj termed, take off the 
cylinder head, remove the piston, crosshead, and connecting rod, then 
'with a center punch make four (4) marks in the counter-bore at each 
end of the cylinder at equal distances apart around the bore. Take a 
piece of stiff hoop iron with a hole at one end of it, slip it on to one of 
the stud-bolts of the back cylinder head, and secure it firmly with a 
nut, after which it may be bent in the shape of a crank, . one end 
projecting across the cylinder at its center, at a sufficient distance from ' 
it to admit of convenient and accurate measurement. Next draw a 
fine line through the cylinder, and attach one end of it to the temporary 
crank above mentioned, and the other end to a stake driven into the 
floor at the back end of the bed-plate. Then with a piece of hard wood 
or stiff wire pointed at each end and equal in length to half the 
diameter of tne cylinder, set the line, so that, when one point of the 
wood or wire is inserted in any one of the center-punch marks at either 
end of the cylinder, the other end will feel the line. Next see if this 
line passes through the center of the shafl; if so, the cylinder is in line 
with the shaft ; if not, one or the other must be moved, which requires 
both skill and judgment, since engines differ so much in design and 
construction. Now turn the engine shaft round till the craak-pin 
almost touches the line passing through the center of the cylinder, then 
ascertain by measurement whether the line is equi-distant from the 
collars on the crank-pin. Then turn the shaft on the other center until 
the crank-pin feels the line. If the measures correspond the shaft is in 
line with the cylinder ; if not they will show which end needs to be 
moved. The operation may have to be gone over several times before 
a definite conclusion can be arrived at. The shaft may be leveled by 
placing a spirit leVel on it, if there be room ; if not, drop a plumb-line 
passing through the center of the crank-pin and shaft ; tnen by placing 
ue crank at iK^th centers and at half-stroKe, the line will show whether 
the shaft is level or not. The guides may be brought into line with the 
cylinder by measuring from each end of each guide, to the line passing 
through the center oi the cylinder, and moving them until they are 
parallel to the line and to each other. To adjust them to the horizontal, 
a spirit-level may be placed on their top faces ; if no level is at hand 
a square and ^lumb-line may be used ; where these accessories are not 
at hand a straight edge placed across them will determine by actual 
measurement whether they are in line with the center line of tiie 
cylinder or not. 

Engines get out of line from the following causes : faults of design, 
faults of construction, overwork, the character of the work which they 
are performing, or from the loss of the crank wearing away the face of 
the main bearing against which it revolves. To move an engine shaft 
and pillow-blocks into line with the center of the cylinder, screw down 
the caps of the pillow-blocks firmly on the shaft, then slack up on the 
bolts that tie down the pillow-blocks to the bed-plate, after which the 
shaft, pillow-blocks and fly-wheel may be moved from the back end by 
means of ft lever or jack-screw, after which they should be firmly tied, 
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and the set screws or wedges re-a^justed. To move a cylinder, if the 
connections be short and stiff, remove the bolts which tie it to the bed- 
plate, then measure from the plane of the cylinder to some fixed object 
such as a wall, post or column, cut a plank or scantling about an inch 
longer than the actual measurement from the cylinder to the wall, so 
that when placed against the cylinder, it may stand slightly oblique ; 
then by driving on the end of the plank with a sledge or heavy ham- 
mer, the cylinder may easily be moved. The holes should then be 
reamed, and new bolts corresponding to the reamer substituted for the 
old ones. The cylinders, guides, and pillow-blocks of all engines 
should be double pinned to prevent them from getting out of line, and 
whenever it becomes necessary from wear to move them, the holes may 
be re-reamed, and new pins substituted. 



THE FIRST SAW MILLS. 



The old practice in making boards was to split up the logs with 
wedges, and, inconvenient as uie practice was, it was no easy matter to 
persuade the world that the thing could be done in any better way. 
Saw mills were first used in Europe in the fifteenth century ; but so 
lately as 1555, an English embassador, having seen a saw mill in 
France, thought it a novelty which deserved a particular description. 
It is amusing to note how tne aversion to labor saving machinery has 
always agitated England. The first saw mill was established by a 
Dutcnman, in 1663; but the public outcry against tfie new-fangled 
machine was so violent, that the proprietor was forced to decamp with 
more expedition than ever did Dutchman before. The evil was thus 
kept out of England for several years, or rather generations; but in 
1768 an unlucky timber merchant, hoping that after so long a time the 
public would be less watchful of its own interests, made a rash attempt 
to construct another mill. The guardians of the public welfare, how- 
ever, were on the alert, and a conscientious mob at once collected, and 
pulled the mill to pieces. 



DECLIVITY OF RIVERS. 



A very slight declivity suffices to give the running motion to water. 
Three inches per mile in a smooCh, straight channel gives a velocity of 
about 3 miles an hour. The Ganges, which gathers the waters of the 
Himalaya mountains, the loftiest m the world, is, at 180 miles from its 
mouth, onlv 800 feet above the level of the sea, and to fall these 800 
feet in the long course the water requires more than a month. The 
great river Magdalena, in South America, running for 1,000 miles 
between two ridges of the Andes, falls onlv 600 feet in all that distance ; 
above the commencement of the 1,000 miles it is seen descending in 
rapids and cataracts from the mountains. The gigantic Rio de la Hata 
has so gentle a descent to the oc^an that, in Faraway, 1,500 miles frpio 
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its month, large ships are seen which have sailed against the current 
all the way by the force of the wind alone — that is to say, vhich, on 
the beauti^il inclined plane of the stream, have been gradually lif\^d 
by the soil wind, and even against the current, to an elevation greater 
tnan that of our loftiest spires. 



MILLERS AND THE LAW ON WATER COURSES. 

Very curious and interesting disputes are constantly coming before 
the courts, relative to the rights of millers and manufacturers on the 
streams which afford them power. Any one who has taken pains to 
note the tenor of the decisions in these cases, will see that they conform 
to certain established principles of law, with which every mill-owner 
would do well to be conversant. 

The word "riparian" (from the Latin ripa — meaning the bank of a 
river) is a term used in law to refer to the rights and privileges of 
persons who own lands Wing upon or bounded by streams or rivers. It 
is fixed in law and confirmed by court decisions, that every riparian 
proprietor has an equal right to a free use of the water which passes 
his land. He has, however, no exclusive property in the water itself, 
but the simple use of it as it passes. He can not appropriate it to his 
exclusive use nor divert it permanently from its natural channel with- 
out the consent of the adjoining proprietors. If he does divert it on 
his own premises, he must return it to its ordinary course when it 
leaves his estate. 

These are the broad principles upon which the general and state laws 
are based. Of course the minor details of water rights, etc., are subject 
to local state enactments, forms and restrictions, otherwise streams of 
running water could rarely be properly applied to agricultural or 
manufacturing purposes. In all instances it may be taken for granted 
that nothing but positive surrender of rights or contract to the contrary, 
can deprive the riparian proprietor of the use of the stream passing 
him until he has had use of it, if he wishes to employ it legitimately. 

If the water is insufficient fbr the mill-owner's purposes, but can be 
made, by a reasonable detention, available for power, the courts have 
decided that he can so retain it until he has enough to use profitably. 
The mill-owners further down must do the best they can, being, of 
course, entitled to their share of the water when it gets to them in 
regular course. Again, as to protecting himself from damage by freshet 
or overflow, he can erect such protection as may be necessary in the 
way of embankments, etc., even though such protective measures may 
back the water upon adjoining land. The land-owner in the latter case 
has no legal cause for action. 

Of course no mill-owner would be justified in the malicious detention 
or wastage of water, or in the unwarrantable release of water so as to 
destroy neighboring property. He has, however, the inalienable rights 
of proper use of the water and of protecting himself from its ravages, 
let others do what they will. 
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In this connection, though. not directly in the line of the foregoing 
is an interesting decision rendered in the Supreme Court of New York. 
The defendant had on his land a spring surrounded by an embankment 
The plaintiff had a well which was dependent upon the defendant's 
spring for supply. The defendant cut through the embankment, thereby 
lowering the water in the well of the plaintiff. The court held that 
the plaintiff had no cause for action, no matterwhatwas the defendant's 
motive. The laws and courts throughout seem to decide that the 
elements air and water are the untrammeled property, for the lime 
being, of those brought into natural contact with them. 



PREVENTION OF INCRUSTATION OF STEAM BOILERS. 

The following condensed hints will be found valuable : (1) Use as 
pure water as your locality affords. (2) Clean and scrape your boiler 
as often as you possibly can. (3) Blow off without excess. (4) In 
case of salt or brackish waters, never use steam of over 90 lbs. pressure 
to the square inch. (5) In case of sulphate of lime waters, never use 
steam of over 70 lbs. pressure. (6) In case of water holding carbonate 
of lime in solution, pass it through a feed-water heater made hot by 
exhaust steam or waste heat. (7) In case of muddy waters use large 
feed-water cisterns or reservoirs, on the bottom of which the suspended 
earthy matters will soon form a soft deposit, when the surface water 
can be drawn off for use. When using hard water, sa ve the drippings 
of the exhaust-pipe, and the condensation of the safety-valve blow-off, 
and from the cylinder, and use the water thus obtained to fill the boiler 
after blowing off. The result will be surprising in its effect in loosening 
scale. 

The following remedies have been used with more or less success 
in various cases: (1) Potatoes 1-50 of weight of water, prevents 
adherence of scale. (2) Twelve parts salt,' 2 J caustic soda, i extract of 
oak bark, J part of potash. (3) Pieces of oak wood, suspended in a 
boiler and renewed monthly, prevent deposit. (4) Two ounces of 
muriate of ammonia in a boiler twice a week, prevents incrustation 
and decomposes scale. (6) Coating of 3 parts black lead, 18 of 
tallow, applied hot to the inside of a boiler every few weeks, prevents 
scale. (6) Thirteen pounds of molasses fed occasionally into an 8-horse 
boiler prevented incrustation for six months. (7) Mahogany or oak 
sawdust in limited quantities. The tannic acid attacks the iron, and 
should be used with caution, (8) Slippeiy elm bark has been, used 
with some success. (9) Carbonate of Soaa. (10) Chloride of tin. 
(11) Spent tanner's bark. (12) Frequent blowing off. 



HOW TO UTILIZE SAW-DUST. 

This is a frequent query among our saw-mill men. The general 
practice of throwing saw-dust and saw-mill waste into streams has 
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become so serious a matter in Minnesota and Wisconsin, that the most 
stringent legislation is being proposed upon this subject. A bill has 
been introduced into congress, forbidding mill owners to deposit in any 
of the navigable waters of the United States any saw-dust, slabs, or 
wastage, and fixing as penalty a fine of from $500 to $5,000, and in 
default of payment, imprisonment for not more than six months. 
Provision is also made for the institution of civil suits in the name oi 
the United States, against those who disobey this prohibition, and if 
violation of the statute be admitted or proved the damages in all cases 
to be $500, and such further sums as the court may adjudge. The 
Government has been expending considerable money in efforts to 
deepen some of these streams, wiui a view to benefitting navigation ; 
but their efforts and expenditures are useless if, as fast as the channels 
are cleaned out. they are refilled with this artificial obstruction. 

Saw-dust has been used to a limited extent in the manufacture of 
vioioiM ttrticles for wood ornamentation, taking the place of carved 
work. It has also been employed in. making imitation ebony keys, 
brush handles, knife handles, etc. For all of these purposes it is 
reduced to a plastic mass, mixed with glue or gypsum, and shaped by 
pressure in molds. Fire kindlers and blocks for fuel have been made 
with profit from the same material, and it has also been used as fuel 
under boilers. A patent has even been issued for the manufacture of 
railroad ties, fence posts, paving and building blocks, &c.y from saw- 
dust This artificial wood, it is claimed, can be made fire and water 
Eroof, and no insect will attack it. It will take polish and will stand 
igher pressure than ordinary wood. It also can be cut and sawed and 
allow nails to be driven into it. As the process of making it is 
very simple and cheap, it may be destined to- bring a revolution in the 
saw-mill business; but in all these and the various other ways reported, 
but a very small proportion of the saw-dust product of this country 
could ever be utilized 

The most valuable and practicable suggestion comes from a Louis- 
iana planter, who says that for fertilizing purposes saw-dust has 
remarkable advantages. Spread from 6 to 12 inches thick over newly 
planted potatoes, it is said to have a marked and favorable effect on the 
yield. Another and perhaps preferable method is to prepare the soil 
by plowing and pulverizing, to open furrows 2 to 3 feet apart, to put 
in said furrows a 4 inch layer of saw-dust, on this lay the potatoes that 
are to be planted, covering them with another layer of saw-dust, and 
over this a layer of the soil. 

Saw-dust, says the same authority, can be used with advantage about 
fruit trees. Mixed with the soil it enriches the latter, and placed on 
its surface it maintains moisture and prevents the growth of many 
troublesome weeds. In vegetable gardens it also does very well, 
especially around cabbage plants. Saw-dust will rot as soon as any 
dther vegetable matter, according to the species from which it originates. 
Mixed with the soil it keeps the latter more mellow. An application 
of saw-dust, say of three cart loads to the acre, during four years, over 
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the poorest land, and plowing, and cultivating same each year, will 
render it the most fertile. 

So lone as manufactories are actually making chemical fertilizers, 
and our farmers are paying high prices for them, it would seem worth 
their while to investigate this newly suggested source of supply; 
especially when this supply comes in the shape of a substance which 
has hitherto been regarded as an actual nuisaxfce to be sunken out of 
sight in rivers, and to be annihilated by burning in useless, ineffectual 
fires. 



SPEED, POWER, CAPACITY AND DRESS OF MILLSTONES. 

We herewith reproduce from the London Miller^ a compact and 
suggestive table giving an estimate of the speed, power, capacity, dress, 
and draught of millstones of various diameters, as practiced in Great 
Britain for grinding wheat, where no exhaust or combined blast and 
exhaust are used. The table is compiled from the opinions of some of 
the most successful engineers and mill-wrights in the kingdom : 
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In commenting upon and in further explanation of this table, the 
above named journal says that with reference to the figures, there exists 



SPEED, POWER, CAPACITY AND DBESS OF MILL8T0KES. 239 

some difference of opinion, and subjoins the ideas of a Scotch en^neer 
and . millwright of considerable experience and influence, who claims 
that there should be only four standard diameters of millstones, viz: 
3 ft 3 ft. 6 in. 4 ft. 4 ft. 6 in. 

The speed should be 170 revolutions for the 3 ft., 155, 135, and 116 
for the remainder respectively; and he estimates that all these sizes 
would each absorb six indicated horse power to grind four bushels of 
wheat per hour. Thus a 3 ft. millstone, running 170 revolutions per 
minute, would take as much power, and will grind as much per hour, 
as a 4 ft. 6 in. running at 1 15 revolutions per minute, the only difference 
being that the 3 ft millstone would require to be more frequently 
dressed. The correspondent adds that he thinks it could be very much 
simplified by taking the 4 fl. stone, running at 135, as the standard, and 
is convincea, after 30 years* experience, that for grinding wheat (at any 
rate) this size and speed might be adopted universally, with superior 
results as a whole, than by using the various sizes and speeds given in 
the above. Regarding the speed, however, all mills should be 
constructed so that the speed of the millstones could be varied, when 
working^ either by driving each pair by a separate engine or by conical 
drums, as the various kinds of wheat, or even the state of the weather 
requires that the miller should have it in his power to vary his speed as 
easily as he can alter the feed. 

While the foregoing table, with the modifications suggested by the 
Scotch engineer, may be applicable in cases where good, economical 
engines, which work fully up to nominal horse power are used, it would 
fall far short in. its application to many turbines manufactured at the 
present time. The latter are frequently tabled for much higher power 
than can be realized from them, and by no possible means can they be 
made to work beyond their normal or stated power, while an engine 
can readily and easily be made to do so by a small increase of pressure 
or piston speed. Again, water wheels which are capable of working 
nearly or quite to tneir nominal power are very often, — perhaps in a 
majori^ of cases, — so put into operation as to prevent them from doing 
even whac they should, were they more favorably situated and attachea 
to the work. 

In a note upon the blast and exhaust the Miller says : 

" It is stated by some parties favorable to the combined Blast and 
Exhaust that, by 'the adoption of that system, a saving of power is 
effected, and that eight bushels of wheat can be ground by 5ia;-horse 
power. The power, however, being unlimited, the quantity ground can 
be increased almost indefinitely, in the above proportion, according to 
the weight of the millstone, sixteen bushels per hour oflen being 
ground on this system. The application of the Exhaust, drawing ^e 
air through the eye of the running millstone, does not produce a 
greater current than that of atmospheric pressure, the millstones grind 
somewhat faster, and there is a corresponding amount of economic 
power, the millstones working more freely. Many advantages in this 
respect result from the adoption of the simple Exhaust, having for its 
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object the remoyal only of the stive from the millstone case." 

The same journal also adds, with reference to reckoning the diaught, 
that it has been the custom of millers usually to reckon the draught 
from the back edge of the frirrow, while millstone makers calculate 
from the fore edge. The latter, it states, is now becoming a rule in the 
trade. 



CHARACTERISTICS OF VARIOUS WOODS. 

The following is a general statement of the commercial value and 
properties of the better known woods : 

Elasticity. — Ash, hickory, hazel, lancewood, chestnut (small,) yew, 
snakewood. 

Elasticity and toughness. — Oak, beech, elm, lignum-vitae, walnut, 
hornbeam. 

Even ^ain (for carving or engraving). — Pear, pine, box, lime tree. 

Durability (in dry works). — Cedar, oak, poplar, yellow pine, chestnut. 

Building (ship-building). — Cedar, pine, (deal), fir, larch, elm, oak, 
locust, teak. Wet construction (as piles, foundations, flumes, etc.)' — . 
Elm, alder, beech, oak, plane tree, white cedar. House building.—^ 
Pine, oak, whitewood, chestnut, ash, spruce, sycamore. 

Machinery and millwork (frames). — Ash, beech, pine, elm, oak. 
Rollers, etc. — Box, lignum-vitae, mahogany. Teeth of wheels. — Crab 
tree, hornbeam, locust. Foundry patterns. — Alder, pine, mahogany. 

Furniture (common). — Beech, birch, cedar, cherry, pine, whitewood. 
Best furniture. — Amboyna, black ebony, mahogany, •cherry, maple, 
walnut, oak, rosewood, satinwood, sandalwood, chestnut, cedar, tulip 
wood, zebra wood, ebony. 

Of these varieties, those that chiefly enter into commerce in this 
country, are oak,. hickory, ash, elm, cedar, black walnut, maple, cherry, 
butternut, etc. 



TO FIND THE SOLID CONTENTS OF TIMBER. 

ROUND TIMBER. 

When all the dimensions are in feet^ 
The length multiplied by square of \ of the mean girth gives the 
number of cubic feet. 

When length in feet, girth in inches. 
Multiply as above, and divide by 144. 

When all dimensions a/re in incTies. 
Multiply as above, and divide by 1728. 

SQUARE TIMBER. 

When all dimensions are in feet. 
The length multiplied by the breadth multiplied by the depth gives 
the number of cubic feet 
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When either dimenHons are in inches. 
Maltiply as above and divide bv 12. 

When any two of the dimension* are in inches. 
Multiplv as above, and divide by 144. 

Or use the foUovring table as shown at foot of same. 

TABLE ONE-FOURTH GIRTHS. 



\ Girth 
in inches. 
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.260 
.272 
.294 
.317 
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.364 
.390 
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.601 
.631 
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.694 
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.918 
.969 
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t Girth 
in inches. 
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Area in 
Feet. 



1.04 
1.08 
1.12 
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1.31 
1.36 
1.41 
1.46 
1.61 
1.66 
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2.00 
2.06 
2.12 
2.18 
2.26 
2.37 



t Girth 
in inches. 
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Area in 
Feet 



2.50 
2.64 
2.77 
2.91 
3.06 
3.20 
3.36 
3.61 
3.67 
3.83 
4.00 
4.16 
4.34 
4.61 
4.69 
4.87 
6.06 
6.25 
6.44 
6.64 
6.84 
6.04 
6.25 



The area corresponding to the \ girth in inches multiplied by the 
length in feet gives solidity in feet and decimal parts for either square 
or round timber. 

For Bound Timber take the mean girth. For Square Timber take 
the side, whicl in practice corresponds with J T)f the girth of Bound 
Timber. 



COMPOSITION FOB COVEBING BOILEBS. 

A composition for covering boilers, steam pipes, etc., cheap and said 
to be effective is made as follow^s : The surfaces are covered with 
sawdust mixed with flour paste. If the paste is not very liquid, the 
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mixture being used in the form of moderately stiff dough, and the 
surfaces of the boilers or pipes have been well cleaned from grease, the 
adhesion is perfect and the material is free from cracks. Fiye layers 
of this composition are recommended, each about one-fifth of an inch 
thick. It is said that 1 inch of this composition will give better results 
than double that amount of the materials usually employed, The 
paste is composed of rough flour without the addition of starch. The 
mixture can be applied without a trowel, and, if there is much 
exposure, two or three coatings of tar will render the composition 
impervious to water. Copper tubes should first be treated to a hot 
liquid solution of clay, so as to increase the adhesion of the sawdust. 



WEIGHTS AND MEASURES. 

AVOIRDUPOIS WEIGHT. 
[thb grain is thb samb in troy, apothbcaribs and avoirdupois wbigrts.] 

The standard avoirdupois pound is the weight of 27.7015 cubic 
inches of distilled water weighed in the air, at 35.85 degrees Fahr., 
barometer at 30 inches : * 

37-343 grains equals i drachm. 

drachms. ozs. lbs. qr». cwts. ton. ^^lI^JL 

X equals .0625 eq. .0039 eq. .000139 eq. .000035 eq. .00000x74 C4- i< 77x846 

16 " I '* .0635 " .003S3 " .000558 '* .ooooaS * 38.34954 

256 " 16 •* I " .0357 " .00893 " •oa>447 " 45359 

7168 " 448 " s8 " I " .25 " .0125 " 12700 

38672 " 1792 " XX3 " 4 " X " .05 " 50803 

573440 " 358^0 " 2240 " 80 '* 20 " I " 10x6040 

A stone equals 14 pounds. A quintal equals 100 pounds. 

TROY WEIGHT, 
[for gold, silver and precious metals.] 

grains. dwts. ozs, lbs. «.,rit?f. 

** grammes. 

X equals .04x67 equals .00308 equals .0001736 equals .0648 

24 " I " .05 •* .004167 " X.SS5 

480 "20 " I " .0833 " 31.1035 

5760. '' 240 ^ " . la , " X. " 373-24a 

175 lbs. Trov equals 144 Avoirdupois. 
Lbs. Avoirdupois X .82286 equals lbs. Troy. 
Lbs. Troy ^ X I-2153 " . " Avoirdupois. 

The jewelers carat is equal, in the United States, to 3.2 grains; in London, to 3.17 
grains; in Paris, to 3.18. 
Pure gold is worth $20.67 P^' oz. Troy, or $18.84 P^' <><• Avoirdupois. 

" silver " X.36 " '' 1.34 " 

Standard ifold " x8.6o " " X6.96 

silver " x.225 " *' x.xx7 " " 

apothecaries' weight. 

[united states and BRITISH.] 

SO grains x scruple. 
3 scruples x drachm equals 60 grs. 
8 drachms x ounce ** 24 scruples equals 480 grs. 

12 ounces x pound " 06 dracnms " 388 scruples equals 5760 grs. 
In Troy and Apothecaries' weights the grain, ounce, and pound art the sam«. 



wfitoBTs Ain> icfiAstmcs: 
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FRENCH WEIGHTS. 
[equivalbnt in avoirdupois.] 





Grains. 


Ounces. 


Pounds. 


Tons 
2240 lbs. 


Milligramme 

Centigramme 

Decigramme 


•01543J 
•«5433l 
1.5433* 
15.433* 
154-33* 
X543.3* 
X5433.* 








.000352 
.003527 
.035275 
.352758 
3.52758 
35-2758 
352.758 
3527.58 
35275.8 


.000022 
.000220 
.002204 
.022047 

.220473 
2.20473 
22.0473 
220.473 
2204.73 






Gramme 




Decagramme.... 

Hectogramme 

Kilogramme .^.. 

Mynogramme 

Quintal 




.009842 
.00842^ 


Millier or Tonne. ... 




.984257 



cubic measure. 

Inches. Feet. Yard. Cub. Metres. 

1 equals .0005788 equal .000002144 equal .000016386 
1728 " 1 " .03704 " .028316 

46666 " 27 " 1 " .764613 

A cord of wood equals 128 cubic feet, being 4 feet high, 4 feet wide, 
and 8 feet long. 
42 cubic feet equals a ton of shipping. 

A cubic foot is equal to 



X728 cubic inches. 

.037037 cubic y2rd. 

.803564 U. S. struck bush, of 2x50.42 cubic 

inches. 
3.21426 U. S. pecks. 
7.48052 " nq. galls, of 23X cubic in. 
6.4285Z ** dry galls. 



29.92208 U. S. liquid quarts. 
25.71405 " dry " 

59.844x6 " liquid pints. 
51.42809 " dry " 
239.37662 ** gills. 

.26667 flour bbl. of 3 struck bush. 

.23748 U. S. liq. bbl. of 3x^ gallons. 



Gills. 
4 equal 

8 " 

32 " 

1314 " 

20x6 " 

2488 " 

4032 " 

8064 " 



xPint 
2 equal 
8 



336 

504 

672 

1008 

2016 



(< 

t€ 
t€ 
it 
tt 
€* 



LIQUID MEASURE. 



z Quart. 

4 equal x Gallon. 
x68 ** 42 equal x Tierce. 
252 " 63 " x^ equal x Hogshead. 
336 " 84 " 2 " iM equal X Puncheon. 
$04 " 126 "3 "2 " ij4 equal x Pipe. 

io>8 " 252 6 "4 "3 "2 equal x Tun. 



Cylinders of the following sizes are closely approximating 


measures : 


# 


Height in 
Inches. 


Diameter in 
Inches. 




Height in 
Inches. 


Diameter in 
Inches. 


Gill 


3 


2M 
35I 


Quart 


6 

6 

15 


35i 
7 
X4 


73 X lub ••••••••• 

Km 


Gallon 


xo Gallons 



A cubic foot contains 7 J gallons. 
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DRY MEASURE. 

The Standard Bushel contains 2150.42 .cubic inches, or 77.627013 
pounds avoirdupois of pure water at maximum density. Its legal 
dimensions are 18^ inches diameter inside, 19J^ inches outside, and 8 
inches deep, and when heaped, the cone must be 6 inches high, making 
a heaped bushel equal to 4{ struck ones. 

Pints. Quarts. Gallons. Pecks. Bushels. Cub. Inches. 

3 equal i equal .250 equal .125 equal .0315 equal 67.2 



8 


f( 


4 


tt 


I 


z6 


(( 


8 


** 


2 


64 


*t 


32 


it 


8 



t* 



125 


it 


368.8 


25 


ti 


537-6 
2150.43 



LONG MEASURE. 

















French 


Inches. 


Feet. 


Yards. 


Fath. 


Poles. 


Furlong. 


Mile. 


Metres. 


I 


.083 


.02778 


.0139 


.005 


.000126 


.0000158 


•0254 


X3 


X 


•333 


.1667 


.0606 


.00151 


.000x894 
.000568 


•3048 


36 


3 


X 


5 


.182 


•00454 


.914X 


73 


6 


2 


X 


.364 


.0091 


.001136 


1.8287 


X98 


165^ 


5% 


3^ 


I 


.025 


.003125 


5.0291 


7920 


660 


220 


no 


40 


I 


.125 


201. x6 


63360 


5280 


1760 


880 


320 


8 


I 


1609.315 



A palm equals 3 inches. A span equals 9 inches. 

A hand " 4 " A cable's length equals 120 fathoms. 

SQUARE MEASURE. 



Inches. 


Feet. 


Yards. 


Perches. 


Roods. 


Acre. 


Square 
Metres. 


X 

1296 

39204 

1568160 

6272640 


.00694 

X 

9 , 
272K 
10890 

43560 


.000772 
.III 

305^ 

X2IO 
4840 


.0000255 
00367 

•0331 

X 

40 
160 


.00000064 
.0000918 
.000826 
.025 

X 

4 


.000000159 
.000023 
.000200 
.00625 

.25 

z 


.000645 

.0929 

.836X 

25.293 

1011.7 

4046.7 



100 square feet equal 1 square. 

1 chain wide " 8 acres per mile 

10 square chains 
1 hectare 



(( 



(( 



1 square mile 



{: 



Acres x .0015625 " 
Sq. yds. x .000000323 " 



1 acre. 

2.471143 acres. 
27878400 sq. feet. 
3097600 sq. yds. 
640 acres, 
square miles, 
square miles 



A section of land is 1 mile square, and contains 640 acres. 
A square acre is 208.71 feet at each side. 



i 
i 

A circular 

" i 
i 



<( 



«{ 



(( 



<< 



(( 



<( 



(( 



147.58 

104.355 

235.504 feet in diameter. 

166.527 

117.752 



(< 



(( 



u 



<( 



i( 



(( 
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SURVETINO MEASURE. 
(linkar.) 



Inches. 


Links. 


Feet. 


Yards. 


Chains. 


Mil^s. 


French 
Metres. 


X 

7.92 

T2 

63360 


.126 

X 

X.5I5 
4.545 

xoo 

8500 


X 

61 

5980 


.0378 
.33 

.333 

X 

33 

X760 


.00x36 

.ox 

.01515 

.<H5o5 

z 
80 


.0400x58 

.OibX35 

.000x80 
.460568 

.«135 

i 


.0354 
.aoxa 

.3048 
.9x44 

30.XX6 

X600.3X5 



1 knot or geographical mile equals 6082.66 feetf or 1854 metres^ 

or 1.152 statute mile. 
1 Admiralty knot equals 1.1515 statute miles, or 6080 feet 



FRENCH LONG MEASURE. 





Inches. 


Feet. 


Vtrds. 


Miles. 


Millimetre 


.03936 
.39368 
3-9368 
39-368 
393-68 
3936.8 
39368. 


.00338 
.03380 
.39807 
3-2807 
32.807 
3?8.o7 
3980.7 
39807. 


.<)(lio93 
.0*0935 

•••93S7 
i.«9357 
itt*93S7 
10^-357 
i«^3-57 
'•>35.7 




Centimetre 




Decimetre 




Metre 

Deca.metre , 


.00063x3 
.0063x34 
•063x347 
.63x3470 
6.3x3476 


Hectometre.. 


Kilometre 


Myriametre 



FRENCH CUBIC OR SOLID MEASURV. 



Centilitre, 

Dry 

Liquid 

Decilitre, 

Dry 

Liquid 

Litre, 

Dry 

Liquid 

Decalitre, 

Dry.... 

Li(}uid... 

Hectohtre, 

Dry 

Liquid 

Kilolitre or Cub. 
Metre, 

Dry. 

Li<)uid 

Myriohtre, 

Dry ...... ...... 

Liquid... 



Gill. 



.0845 



-845a 



8.459 



Pint. 



.0x81 

.03II 

.x8i6 
.2113 

1.816 
3.1x3 



2X.X3 



9II.3 



Quart. 



.0908 
.xos6 

.908 
1.056 

9.08 
X0.56 

90.8 
105.6 



1056.5 



10565. 



Gallon. 



.0264 



.2641 



3.64X 
26.4X 

364.x 
2641.4 



Peck. 



•••••••••••• 



,01x3 
X13S 



1.13s 
1X.35 

"3-5 
"35. 



Bushel. 



>**t* 



.4»t.. 



.It.. 



.2«J7 



.t»l. 



9.8S7 

98.3f 
283,7* 



Cubic 
Inches, 



.61016 

6.X016 

61.0x6 

6x0.165 

610X.6 

610x6. 



Cubic 
Feet. 



.0353 
•353X 
3.531 

35.31 
353.1 
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PROPCRTIES OF THE CIRCLC. 



FRENCH SQUARE MEASURE. 



• 


Inches. 


Feet. 


Yards. 


Acres. 


Miles. 


Sq. Millimetre 

' Centimetre 


.00x54 
.15498 
15.498 

X549-8 
X54980 


.0000107 

.0010763 
.X076305 
xo. 76305 
1076.305 
107630.5 
10763050 


.000001 

.000119 
,011958 
1.19589 
1x9.589 
11958.9 
1195890 










'* Decimetre 






** Metre or Centtare.. 


.000247 
.034709 
3.47086 
347.086 
3470.860 




** Decametre or Are. 




" Hectare 




" Kilometre 

•' Myriametre 




.38607 
38.607 



PROPERTIES OF THE CIRCLE. 

Diameter multiplied by 3.14159, equals circumference. 

Diameter multiplied by .8862, equals side of an equal square. 

Diameter multiplied by .7071, equals side of an inscribed square. 

Diameter* multiplied by .7854, equals area of circle. 

Radius multiplied by 6.28318, equals circumference. 

Circumference divided by 3.14159, equals diameter. 

The circle contains a greater area than any plane figure bounded by 
an equal perimeter or outline. 

The areas of circles are to each other as the squares of their 
diameters. 

Any circle whose diameter is double that of another contains four 
times the area of the other. 

Area of a circle is equal to the area of a triangle whose base equals 
the circumference, and perpendicular equals the radius. 



CEMENT FOR LEATHER BELTING. 

Take of common glue and American isinglass, equal parts; place 
them in a boiler and add water sufficient to cover the whole. Let it 
soak 10 hours, then bring it to a boiling heat, and add pure tannin until 
the whole becomes ropy or appears like the white of eggs. Apply it 
warm. Buff the grain off the leather where it is to be cemented ; rub 
the joint surfaces solidly together, let it dry a few hours, and it is ready 
for practical use ; and, if properly put together, it will not need riveting, 
as the cement is nearly of the same nature as the leather itself 



CEMENT FOR STOPPING JOINTS. 

A cement which grows hard by exposure and resists heat, cold and 
water, is made by mixing white lead in oil with enough white sand to 
make a stiff paste. 



MEASUREMENT OP ROUND TIMBER. 
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MEASUREMENT OF ROUND TIMBER. 
TA&LB GIVING CUBICAL CONTBNTS, — [BY E. N. COLWSLL.} 

Diameter in inches, length in feet, contents in cubic feet. 

















Mean 


I Diameter 


in Inches. 










10 


11 
5 


12 


13 


14 


15 

10 


16 

zz 


17 

Z3 


18 

14 


19 


20 

17 


19 


22 

21 


23 

23 


24 




8 


4 


6 


7 


8 


16 


25 




9 


5 


6 


7 


8 


9 


II 


13 


14 


16 


18 


20 


22 


24 


26 


38 




xo 


5 


7 


8 


9 


10 


12 


14 


z6 


18 


20 


22 


24 


26 


29 


31 




zz 


6 


7 


8 


10 


13 


13 


IS 


17 


»9 


22 


24 


26 


29 


32 


35 




Z2 


6 


8 


9 


II 


13 


IS 


17 


19 


31 


■ 24 


26 


29 


32 


34 


38 




X3 


7 


9 


zo 


za 


14 


16 


z8 


30 


23 


36 


38 


31 


34 


37 


4« 




M 


7 


9 


II 


13 


15 


17 


19 


32 


25 


38 


31 


34 


37 


40 


44 




«5 


8 


xo 


12 


14 


16 


18 


31 


23 


26 


30 


33 


36 


40 


43 


47 




i6 


9 


ZI 


Z2 


14 


17 


30 


22 


25 


28 


33 


35 


38 


42 


46 


SO 




X7 


9 


zz 


13 


z6 


z8 


21 


24 


27 


30 


33 


37 


41 


45 


49 


S3 




i:' 


zo 


Z2 


14 


z6 


19 


33 


25 


28 


32 


35 


39 


43 


48 


52 


57 




%-' 


zo 


X3 


IS 


17 


31 


23 


27 


30 


33 


37 


41 


45 


50 


55 


60 




gao 


zz 


13 


16 


z8 


21 


25 


38 


31 


35 


39 


44 


48 


53 


58 


63 




S2 


IZ 


14 


16 


19 


32 


26 


29 


33 


37 


41 


46 


50 


55 


6z 


66 




Z2 


15 


17 


20 


23 


27 


31 


35 


39 


43 


48 


S3 


58 


64 


69 




3*3 


Z2 


x6 


z8 


21 


24 


28 


32 


36 


41 


45 


50 


55 


61 


66 


72 




ff34 


»3 


x6 


19 


23 


26 


30 


34 


38 


42 


47 


52 


58 


63 


69 


75 




4 as 


14 


17 


20 


23 


27 


31 


35 


39 


44 


49 


54 


60 


66 


72 


79 




"26 


14 


»7 


20 


24 


38 


32 


36 


41 


46 


51 


57 


63 


69 


75 


83 


* 


27 


IS 


z8 


2Z 


25 


29 


33 


38 


42 


48 


S3 


59 


ts 


71 


78 


85 




38 


»s 


18 


22 


36 


30 


35 


39 


44 


49 


55 


61 


67 


74 


8z 


88 




29 


z6 


19 


23 


27 


31 


36 


41 


45 


51 


57 


63 


70 


77 


84 


91 




30 


z6 


ao 


24 


28 


32 


37 


42 


47 


53 


59 


65 


72 


79 


86 


94 




31 


X7 


ao 


24 


29 


33 


38 


43 


48 


55 


61 


68 


75 


82 


89 


98 




32 


17 


2Z 


25 


29 


34 


40 


45 


SO 


57 


63 


70 


77 


' 85 


92 


zoo 




33 


z8 


23 


26 


30 


35 


41 


46 


52 


58 


6S 


73 


79 


87 


95 


104 




34 


19 


33 


27 


31 


36 


42 


48 


S3 


60 


67 


74 


82 


90 


98 


Z07 




35 


«9 


33 


28 


32 


37 


43 


49 


55 


62 


69 


76 


84 


93 


zoz 


zzo 




36 


ao 


84 


28 


33 


39 


44 


50 


57 


<54 


71 


79 


86 


95 


Z04 


J3 



:$48 



MEASUREMENT OF ROUND TIMBEB. 



MEASUREMENT OF R0UJ7D TIMBEB. — Continued. 

Diameter in inches, length in feet, contents in cubic feet. 













Mean Diameter in 


Inches. 












85 


26 


«7 


98 


89 


30 


31 


32 


33 


34 


35 


36 


37 


38 


8 


27 


39 


3a 


34 


37 


39 


42 


45 


48 


50 


S3 


56 


60 


62 


9 


31 


33 


36 


. 38 


41 


44 


47 


50 


53 


57 


60 


.64 


67 


70 


lO 


34 


37 


40 


43 


46 


49 


52 


S6 


. 59 


63 


67 


71 


75 


79 


ZI 


37 


41 


43 


47 


50 


53 


57 


6x 


65 


69 


73 


77 


82 


86 


X2 


41 


44 


47 


51 


55 


58 


62 


67 


71 


76 


80 


&S 


90 


94 


X3 


44 


48 


51 


56 


60 


63 


68 


72 


77 


82 


87 


92 


97 


X02 


14 


48 


52 


55 


60 


64 


68 


73 


• 78 


83 


88 


94 


99 


105 


xxo 


IS 


51 


55 


59 


64 


69 


73 


78 


84 


89 


95 


ZOO 


106 


XX2 


xzS 


z6 


55 


59 


63 


68 


73 


78 


83 


89 


95 


XOI 


107 


xx3 


119 


136 


X7 


S8 


63 


68 


73 


78 


83 


89 


95 


lOI 


107 


1x4 


X2I 


X27 


135 


zB 

1" 


6z 

65 
68 


66 
70 
74 


72 
75 
79 


77 
81 

85 

1 


82 
87 
91 


88 

93 
98 


94 

99 
X05 


100 
X06 

112 


106 
X12 
X18 


"4 
120 

126 


120 
127 

134 


128 

X3S 
X42 


134 
142 

»49 


142 
iSx 

159 


■H 62 


71 


77 


83 


90 


96 


X03 


III 


XI7 


124 


X32 


X40 


»49 


157 


166 


75 


8z 


87 


94 


xox 


109 


116 


X23 


X30 


'39 


147 


156 


X64 


174 


^23 


78 


85 


91 


98 


105 


"3 


121 


128 


136 


145 


154 


163 


172 


183 


3)24 


82 


88 


95 


X03 


III 


118 


127 


134 


143 


151 


x6o 


X70 


179 


191 


ft«5 


^5 


92 


99 


107 


1x6 


"3- 


131 


139 


149 


158 


167 


178 


X87 


198 


H36 


89 


96 


X03 


XIX 


X20 


128 


137 


145 


154 


164 


174 


185 


X94 


306 


27 


92 


99 


X07 


*i5 


X25 


133 


4< * 
142 


151 


x6o 


X70 


180 


192 


S02 


314 


28 


95 


103 


XXI 


120 


X29 


136 


147 


156 


x66 


X77 


187 


198 


209 


2aa 


•? 


99 


X07 


"5 


X24 


134 


143 


153 


162 


172 


X83 


194 


206 


9x7 


338 


3« 


Z02 


ZIO 


"9 


128 


X38 


148 


158 


168 


X77 


189 


200 


213 


224 


»3<5 


31 


106 


114 


X23 


X32 


143 


152 


X63 


173 


X82 


»95 


207 


220 


332 


244 


33 


J09 


11^ 


X27 


137 


X48 


157 


169 


X78 


188 


202 


214 


227 


239 


253 


33 


1|2 


X2I 


130 


141 


152 


162 


174 


184 


194 


208 


220 


234 


247 


361 


34 


M^ 


Z2S 


135 


145 


157 


167 


179 


X90 


200 


2x4 


C27 


24X 


254 


368 


35 


1x9 


129 


139 


149 


161 


172 


182 


X96 


205 


220 


234 


■ 248 


26X 


376 


36 


X23 


,iM, 


.M3, 


'M 


169 


177 


_^?° 


20X 


2x2 


227 


240 


255 


369 


384 
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ON COUNTERBALANCING RECIPROCATING PARTS. 

[by prof. S. W. ROBINSON, IN LEFFEL NEWS.] 

A weight is often attached to a crank-wheel opposite the crank-pin, 
or upon an over-reaching arm of a crank for the purpose of quieting 
the vibrations of a jig-saw, or of the piston, cross-head, etc.,^f an 
engine. Many times the experimenter, after trying different weights, 
has wondered why his best attainable result was so far from being 
satisfactory. 

The reason why the result was so disappointing is, that it is simply 
not possible to perfectly balance a reciprocating piece by a rotating 
piece. This is owing to the fact that the reciprocating piece gives a 
jerk at each end of its stroke, and in the line of the stroke, while the 
rotating piece throws out all around, with a constant centrifugal force. 
The counter-weight may be such as to produce nearly a perfect balance 
in one direction, say in line of the reciprocation ; or it may have 
another weight such as to balance the mechanism in a direction at 
right angles to reciprocation. Advantage should be taken of this fact, 
and the mechanism so counter-weighted as to adapt it for its particular 
location when set up. 

For instance, if a jig-saw is to stand on a tall brick pier, it should be 
counterbalanced so as to give no horizontal shake. Then the pier 
and the earth will easily resist the vertical jerks, while horizontally 
there will be none to shaKe the pier to pieces. Again if the jig-saw is 
to be set up in the middle of a broaa floor, in a second story of a 
building, where it is not convenient to place a prop under it, and 
where the floor is well secured all around to the bricK walls of the 
building, the horizontal thrusts have but little effect in vibrating the 
brick walls, or even wooden walls, while the vertical ones may snake 
the floor badly. In the first instance a light weight is needed, and in 
the last, a heavier one. Builders of machinery in which large recipro- 
cating parts predominate, should send with the machines a weight for 
each condition of counter-balance. 

High speed engines should be counter-balanced so as to give no 
horizontal jerks. A crank for a horizontal engine should be differently 
counter-balanced from a vertical one. 

If two equal reciprocating parts play in lines at right angles to each 
other, receiving motion from the same crank-pin, the crank can be so 
counter-weighted as to very nearlv exactly balance the parts. The 
counter-weight in that case should be as heavy as each reciprocating 
part, plus about half the weight of one pitman ; provided the center of 
gravity of the weight be at the same distance from the axis of the 
crank-shaft as the crank-pin is. But if this distance be half that of 
the crank-pin, the weight should be twice as great, etc. 

Now, if one of these reciprocating parts be removed, say that playing 
in a vertical line, then the mechanism will jerk badly vertically, but 
will remain in balance horizontally. To make it balance vertically it 
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will be necessary to remove all the weight but that part which stands 
for " about half the weight of one pitman." ' 

To make a compromise balance, that is, to divide the shaking equally 
between the two directions, when there is only one reciprocating piece 
as just supposed above, it will be necessary to restore half the weight 
just supposed above to be removed. 

Thwe statements are based on three principles, viz: 1st. The 
centrifugal force, for a given number of revolutions, per second, is 
proportional to the radius. 2d. The centrifugal force of a revolving 
mass of any form, is the same as though that whole mass were 
concentrated at its center of gravity. 3d. The outward thrust of a 
reciprocating piece when changing its motion at the end of its stroke, 
is the same as the centrifugal force of that piece would be if it were 
taken off of the pitman, and attached to the crank-pin directly, with its 
center of gravity at the center of the pin. 

Department Mechanical Engineering, Ohio State University. 



STEAM ENGINE GOVERNORS. 

[by STEPHEN ROPER, IN LEFFEL NEWS.] 

The subject of regulating the speed of steam engines, and more 
especially those which from circumstances and the nature of the work 
to be performed are liable to constant change, has of late years 
received no little attention from engineers and practical inventors, and 
as a result various kinds of governors have been introduced. It would 
be safe to say that this device has absorbed more thought, and received 
more attention on the part of mechanics than any other adjunct of the 
steam engine. In the ordinary governor the principal part of the 
apparatus consists of a pair of balls revolving round a vertical axis or 
spindle driven by a train of mechanism, generally mitre gears, which 
causes their angular velocity of revolution to bear a fixed ratio to the 
velocity of the prime mover. The rods of the pendulums place them- 
selves at an angle with the vertical axis, so that the common height of 
the pendulums is that corresponding to the number of turns in a 
second. The regulator must be so adjusted as to be in the proper 
position for supplying the proper amount of power when the pendulum 
rods are at the angle of inclination corresponding to the proper speed 
of the machine. When the speed deviates above or below that amount, 
the outward or inward motion of the pendulum-rods acts on the 
spindle, so as to open the valve when the speed is too low and close it 
when it is too high. 

In the attainment of this object the principle of centrifugal force as 
embodied in the old fly ball governor of Watt has been more resorted 
to than any other, but aside from this, the governor has been so 
improved, altered, and reconstructed, since his time, as to be almost 
unrecognizable, but still the old principle is there and also the three 
prominent defects which so materially interfere with its eflSciency. The 
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first of these is friction which arises from the joints, and is caused bj 

swinein^ the balls or weights by the short end of the arm or lever to 

which they are attached. The second defect is due to the fact that the 

balls, as they assume different positions in keeping with the speed with 

which they revolve, are obliged to rise and fall. This is necessary in 

order that the resistance which the weights offer to centrifugal force 

should constantly increase ; if it did not so increase, the weights, 

when once started from their position of rest, would instantly 

go to the extreme limit of motion. The rising of the . balls 

shortens the distance which they are allowed to move for a 

given variation by springing the centers of ball and arm oh 

which they swing into a straight line, so that a variation which moves 

the balls a given distance upward, if it occurs again, will not move 

them nearly so far in the same direction. Again the same force that 

would support the balls in any plane would not raise them to that plane 

from a lower one. So between friction which destroys the delicate 

power that the balls assume under a slight change and the necessity 

for a large change to overcome their inertia, it is almost impossible to 

attain a degree of regulation which would be equal to all requirements. 

Governors when attached to throttle valves, work under circumstances 

that necessitate the use of openings for the passage of the steam that 

are too small in area, so much so that the useful effects of the steam 

are considerably diminished, on which depends the ill repute of 

tiirottling engines as compared with those which regulate by governor 

controlled valve motions or variable cut off. If the valve of a governor 

has too large openings, it will, owing to the unsteady action of the 

governor, admit too large a quantity of steam, and cause a jumping of 

the engine ; then, in trying to shut off this extra amount, it shuts it all 

off; in fact the governor can not fix it exactly right, being incapable of 

delicate changes. This difficulty is best met by making the openings 

in the valve of peculiar shape so that they will open and close in a ratio 

different from that of the governor. With a governor that would run 

perfectly up to theory, and be steady and capable of taking a position 

in keeping with the speed, and not leaving it without a change in speed, 

a very large area might be used, and the useful effects of the steam 

would not be impaired, neither would there exist a necessity for large 

changes in speed to get the required opening and closing of the valve. 

The extra amount oi steam required to drive a heavy addition of load 

on an engine is surprisingly small, provided that the engine can get the 

steam at the very instant the load is applied, and before the momentum 

of the machinery becomes much reduced ; but let the engine once get 

below speed the circumstances will be very different, as even without 

any load the engines would take some time to come to speed. 

The third defect in governors on throttling engines is that the spindle 
or valve-stem has of necessity to pass through steamtight packing or 
stuffing boxes, which have to be screwed up to prevent leakage, without 
any guide save the judgment of the engineer, which increases the 
friction, and interferes with the free action of the governor. . There is 
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Itlfio the friction on. the governor valve necessary to overcome the 
power required to move the valve-stem through all its bearings, stuffing 
boxeSi guides, etc., under the pressure of steam. Were it possible to 
construct a governor for throttling engines which would approach in 
practice what theory would demonstrate, the fly ball or centrifugal 
governor would be a perfect regulator, but this appears according to 
mechanical laws to be impossible. By the use of isochronous governors 
which would not admit of any variation of speed, but would be in 
equilibrium at any speed, whether the balls were up or down, or in any 
other position, the defects of the common governor were supi)osed to 
be obviated, but it was found by experience that power and stability 
were necessary, and isochronism in its strict sense unattainable. 

The economy of a good governor has rarely been appreciated by 
owners of steam engines and steam users. Experience has shown . the 
speed best adapted for each and every process in the manufacturing and 
mechanical arts, and the governor that fails to meet all the varied 
requirements of each process is of no value in an economical point of 
view. Every stroke which an engine makes below its regular speed 
increases the cost of production, and every stroke above it is a waste of 
steam and consequently of fuel. If an engine is geared to run at 80 
revolutions per minute, when a heavy piece of machinery is thrown off, 
the governor admits of an increase of speed of from 10 to 15 revolu- 
tions per minute. This incurs a waste of power, and consequently a 
waste of from 12 to 20 per cent of fuel. On the other hand when a 
heavy piece of machinery is thrown on, the governor allows the engine 
to lag behind its regular speed by from 10 to 15 strokes per minute ; it 
increases the cost of production. If a governor is unreliable it is 
worthless ; if reliable its cost is merely a nominal consideration. There 
are many processes, such as milling, weaving delicate fabrics, printing 
from small type, or the very accurate turning of fine material, where a 
good governor is of immense value. Unfortunately for the progress of 
the mechanical arts no governor yet invented, has met all the necessary 
requirements, or the varied circumstances under which they are 
employed. 



PROPORTIONS OF JOURNALS AND BEARINGS. 

As the proper proportion of a journal has much to do with the safe 
and smooth operation of shafting, it will be well to consider what 
experience has taught on this subject. The element that will determine 
the proportions of a journal is the extent of pressure to which two 
surfaces of metal can be brought together without causing an abrasion 
of either, so that when the surface of a journal is so related to the 
pressure it sustains as to preserve a free and easy action between the 
surface of the journal and the boxing, and thus avoid undue wear of 
the parts, we may say that the journal is properlv proportioned. 

From various experiments it has been found that at a pressure of 180 
pounds per square inch the limit has been reached where a journal will 
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Operate without great wear or undue heating.. A pressure of 240 
pounds per square inch can be borne by the toes of vertical shafts, but 
it is only when provided with abase oi the finest quality of metal upon 
which it turns, as well as the use of the best lubricant and the careful 
exclusion of all dust and fine ^ittv matter. Even under these 
circumstances it is difficult to avoid tne heating of the toe to some 
extent. A general rule deduced from extended experience would give 
for cast iron shafts a length of journal one and one-half the diameter 
of the shaft, and for wrought iron shafts one and three quarters the 
diameter. This rule, it must be understood, applies .only on the 
condition that a proper bearing surface is provided in the boxing. 

Wooden boxes with a lining of sheet brass or copper have been 

firequently used, which almost always give serious trouble by heating, 

iwliere they are required to sustain other than a very moderate pressure. 

Tlie difficulty is obvious. The heat generated between the surfaces of 

tlie metal is prevented from passing off by reason of the non-eonducting 

nature of the wood. The temperature is thus gradually raised by smau 

and insensible increments of heat until it reaches a point where it 

expels the lubricating substance from between the surfaces, and a 

speedy destruction of the box ensues. A wooden box without this 

lining will be tound in practice much preferable, as by reason of its 

porosity it will absorb a lar^e amount of lubricating substance, which 

is given off at the slightest increase of heat, thus at once arresting a 

higher development of heat in the journal. It would therefore seem 

essential that a box should contain a reasonably large amount of metal, 

so that the heat produced by the friction of a journal may be rapidly 

difi^sed through its mass and carried away by radiation. The box, 

therefore, should never contain a less amount of metal than is contained 

in the journal it is designed to support. Even a larger amount may be 

considered essential to a proper proportion. 



MEASUREMENT OF WATER IN PIPES. 

A pipe 1 inch in diameter and 1 yard long will contain 28.26 cubic 
inches of water, or about one pound in weight. The capacity of a 
pipe increases in the ratio of the square of its diameter — that is to say, 
a pipe 2 inches in diameter contains four times as much, and one 3 
inches in diameter nine times as much, as a pipe 1 inch in diameter. 
The practical rule, therefore, for finding the quantity of water in a pipe 
of any given diameter, is as follows, and is sufficiently exact for all 
ordinary requirements in mill work : 

Square the diameter of the pipe in inches, and the product is the 
number of pounds weight of water in one yard of the pipe. As a 
gallon of water weighs about 10 pounds, divide the number of pounds 
by 10 (which is done by shifting the decimal point one place to the 
lefl) and the result is the number of gallons of water in one yard of 
the pipe. 
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For example, a pipe 8 inches in diameter will coiitftiit 64 pounds, or 
6.4 gallons of water, for every yard of its length. Fpr the totil capacity 
of the pipe, it is only necessary, of course, to multiply the contents of 
one yard by the whole number of yards of the pipe s length. 

A cubic foot of water weighs 62^ pounds, and contains Q^ gallons. 
These figures have slight but unimportant variations. 



HOW TO PRESERVE VARNISH BRUSHES. 

For the preservation of brushes used in applying finishing vamish. 
an excellent method is to suspend them by the handles in a coverqd 
can, the points being kept well apart from each other and reaching sav 
within half an inch of the bottom. The can having been filled witl^ 
slow-drying varnish up to a line about one-sixteenth of an inch abovo 
the bristles or hair, should be kept in a box expressl^r fitted for thf 
purpose, or if this is not convenient a close cupboard will answer. 

The top of the can should have a wire soldered along the edge of tho 
tin turned over, in order to prevent the injury which results from wiping 
a brush on a sharp edge of tin. This practice has the effect of gradually 
splitting the bristles and causing them to turn backward — treatip^nl 
which no brush will long endure and remain serviceable. Turpentine 
should not be used in cleaning finishing brushes where it can be 
avoided. They may be prepared for use when taken from the can by 
working them out in varnish, and when replaced the handles anoi 
binding should be cleansed, for which purpose turpentine is suitable. 
No amount of skill on the part of the workman will enable him to 
execute a job neatly unless his brushes are kept in good condition*-^i^ 
principle which applies with equal force in all other branches of 
industry. 



MEASUREMENT OF CmCLES. 

DIAMETERS, CIRCUMFERENCES AND AREAS. 

On the ensuing six pages will be found an exceedingly convenient 
table for determining the circumference or area, or both, of any circle 
of which the diameter is given, the tables being calculated for diame- 
ters of 1-32 to 100 inclusive. If the diameter is in inches, the circum 
ference will be in inches and the area in square inches. If the diame- 
ter is in feet, the circumference will be feet and the area square feet — 
the figures being the same in either case. 

The table gives the diameter in the first column, circumference in 
the second, and area in the third. It adds i of an inch (or of a foot, 
yard, rod, or anv other unit of measurement,) to the diameter at each 
step ; but in order not to crowd the column of diameters with figures, 
the places for i, i, f and i are left blank, though the proper circum- 
ferences and ar^^as are given : 
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Dia. 


Circ. 
.0981 


Area. 


Dia. 


Circ. 


Area. 


Bia. 


Circ. 


Area. 


1-32 


.00076 


5 


15.70 


19.635 


11 


34.55 


95.033 


1-16 


.1963 


.00306 




16.10 


20.629 




34.95 


97.205 


i 


.3926 


.01227 


i 


16.49 


21.647 


i 


35.34 


99.402 


a-16 


.5890 


.02761 




16.88 


22.690 




35.73 


101.62 


i 


.7864 


.04908 


i 


17.27 


23.758 


i 


36.12 


103.86 


5-16 


.9817 


.07669 




17.67 


24.850 




36.52 


106.13 


i 


1.178 


.1104 


i 


18.06 


25.967 


i 


36.91 


108.43 


7-16 


1.374 


.1503 




18.45 


27.108 




37.30 


110.75 


i 


1.570 


.1963 


6 


18.84 


28.274 


12 


37.69 


113.09 


9-16 


1.767 


.2485 




19.24 


29.464 




38.09 


115.46 


• 1 


1.963 


.3067 


i 


19.63 


30.679 


i 


38.48 


117.85 


11-16 


2.159 


.3712 




20.02 


31.919 




38.87 


120.27 


f 


2.356 


.4417 


i 


20.42 


33.183 


i 


39.27 


122.71 


13-16 


2.552 


.5184 




20.81 


34.471 




39.66 


125.18 


i 


2.748 


.6013 


i 


21.20 


35.784 


i 


40.05 


127.67 


16-16 


2.945 


.6902 




21.57 


37.122 




40.44 


130,19 


1 


3.141 


.7854 


7 


21.99 


38.484 


13 


40.84 


132.73 




3.534 


.9940 




22.38 


39.871 




41.23 


135.29 


i 


3.927 


1.227 


i 


22.77 


41.282 


i 


41.62 


137.88 




4.319 


1.484 




23.16 


42.718 




42.01 


140.50 


i 


4.712 


1.767 


i 


23.56 


44.178 


i 


42.41 


143.13 




5.105 


2.073 




23.95 


45.663 




42.80 


145.80 


i 


5.497 


2.405 


f 


24.34 


47.173 


i 


43.19 


148.48 




5.890 


2.761 




24.74 


48.707 




43.58 


151.20 


2 


6.283 


3.141 


8 


25.13 


50.265 


14 


43.98 


153.93 




6.675 


3.546 




25.52 


51.848 




44.37 


156.69 


i 


7.068 


3.976 


i 


25.91 


53.456 


i 


44.76 


159.48 




7.461 


4.430 




26.31 


55.088 




45.16 


162.29 


J 


7.854 


4.908 


i 


26.70 


56.745 


i 


45.55 


165.13 




8.246 


5.411 




27.09 


58.426 




45.94 


167.98 


i 


8.639 


5.939 


i 


27.48 


60.132 


i 


46.33 


170.87 




9.032 


6.491 




27.88 


61.862 




46.73 


173.78 


3 


9.424 


7.068 


9 


28.27 


63.617 


15 


47.12 


176.71 




9.817 


7.669 




28.66 


65.396 




47.51 


179.67 


i 


10.21 


8.295 


i 


29.05 


67.200 


i 


47.90 


182.65 




10.60 


8.946 




29.45 


69.029 




48.30 


185.66 


J 


10.99 


9.621 


i 


29.84 


70.882 


i 


48.69 


188.69 




11.38 


10.320 




30.23 


72.759 




49.08 


191.74 


f 


11.78 


11.044 


f 


30.63 


74.662 


J 


49.48 


194.82 




12.17 


11.793 




31.02 


76.588 




49.87 


197.93 


4 


12.56 


12.566 


10 


31.41 


78.539 


16 


50.26 


201.06 




12.95 


13.364 




31.80 


80.515 




50.65 


204.21 


i 


13.35 


14.186 


i 


32.20 


82.516 


i 


51.05 


207.39 




13.74 


15.033 




32.59 


84.540 




51.44 


210.59 


i 


14.13 


15.904 


i 


32.98 


86.590 


i 


51.83 


213.82 




14.52 


16.800 




33.37 


88.664 




52.22 


217.07 


i 


14.92 


17.720 


f 


33.77 


90.762 


1 


52.62 


220.35 




15.31 


18.665 




34.16 


92.885 




53.01 


223.65 
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Dia. 


Circ. 


Area. 


Dia. 


Circ. 


Area. 


Dia. 


Circ. 


Area. 


17 


53.40 


226.98 


23 


72.25 


415.47 


29 


91.10 


660.52 




53.79 


230.33 




72.64 


420.00 




91.49 


666.22 


i 


54.19 


233.70 


i 


73.04 


424.55 


i 


91.89 


671.95 




54.58 


237.10 




73.43 


429.13 




92.28 


677.71 


i 


54.97 


240.52 


i 


73.82 


433.73 


i 


92.67 


683.49 




55.37 


243.97 




74.21 


438.30 


*" 


93.06 


689.29 


i 


55.76 


247.45 


i 


74.61 


443.01 


f 


93.46 


695.12 




56.16 


250.94 




75. 


447.69 




93.85 


700.98 


18 


56.54 


254.46 


24 


75.39 


452.39 


30 


94.24 


706.86 




56.94 


258.01 




75.79 


457.11 




94.64 


712.76 


J 


57.33 


261.58 


i 


76.18 


461.86 


J 


95.03 


718.69 




57.72 


265.18 




76.57 


466.63 




95.42 


724.64 


i 


58.11 


268.80 


i 


76.96 


471.43 


i 


95.81 


730.61 




58.51 


272.44 




77.36 


476.25 




96.21 


736.61 


i 


58.90 


276.11 


J 


77.75 


481.10 


i 


96.60 


742.64 




59.29 


279.81 




78.14 


485.97 




96.99 


748.69 


19 


59.69 


283.52 


25 


78.54 


490.87 


31 


97.38 


754.76 




60.08 


287.27 




78.93 


495.79 




97.78 


760.86 


J 


60.47 


291.03 


i 


79.32 


500.74 


i 


98.17 


766.99 




60.86 


294.83 




79.71 


505.71 




98.56 


773.14 


i 


61.26 


298.64 


i 


80.10 


510.70 


i 


98.96 


779.31 




61.65 


302.48 




80.50 


515.72 




99.35 


785.51 


i 


62.04 


306.35 


i 


80.89 


520.70 


J 


99.74 


791.73 




62.43 


310.24 




81.28 


525.83 




100.1 


797.97 


20 


62.83 


314.16 


26 


81.68 


530.93 


32 


100.5 


804.24 




63.22 


318.09 




82.07 


536.04 




100.9 


810.54 


i 


63.61 


322.06 


t 


82.46 


541.18 


i 


101.3 


816.86 




64.01 


326.05 




82.85 


546.35 




101.7 


823.21 


i 


64.40 


330.06 


i 


83.25 


551.54 


J 


102.1 


829.57 




64.79 


334.10 




83.64 


556.76 


m 


102.4 


835.97 


i 


65.18 


338.16 


i 


84.03 


562.00 


i 


102.8 


842.39 




65.58 


342.25 




84.43 


567.26 




103.2 


848.83 


21 


65.97 


346.36 


27 


84.82 


572.55 


33 


103.6 


855.30 




66.36 


350.49 




85.21 


577.87 




104. 


861.79 


i 


66.75 


354.65 


J 


85.60 


583.20 


i 


104.4 


868.30 




67.15 


358.84 




86. 


588.57 


^ 


104.8 


874.84 


i 


67.54 


363.05 


i 


86.39 


593.95 


i 


105.2 


881.41 




67.93 


367.28 




86.78 


599.37 


*t 


105.6 


888.00 


J 


68.32 


371.54 


1 


87.17 


604.80 


\ 


106. 


894.61 




68.72 


375.82 




87.57 


610.26 


TB 


106.4 


901.25 


22 


69.11 


380.13 


28 


87.96 


615.75 


34 


106.8 


907.92 




69.50 


384.46 




88.35 


621.26 




107.2 


914.61 


i 


69.90 


388.82 


i 


88.75 


626.79 


\ 


107.5 


921.32 




70.29 


393.20 




89.14 


632.35 


^ 


107.9 


928.06 


i 


70.68 


397.60 


i 


89.53 


637.94 


\ 


108.3 


934.82 




71.07 


402.03 




89.92 


643.54 


mt 


108.7 


941.60 


i 


71.47 


406.49 


i 


90.32 


649.18 


i 


109.1 


948.41 




71.86 


410.97 




90.71 


654.83 


it 


109.5 


955.26 



CIRCUMKBRKNCB AKD AREA OV CIRCLHl. 



25Y 



T>ia. 


Circ. 


. Area. 


Dia. 


Circ. 


Area. 


Dia. 


' Circ. 
147.6 


Area. 


36 


109.9 


962.11 41 


128.8 


1320.2 1 47 


1734.9 




110.3 


968.99 1 


129.1 


132^.3 . 


148. 


1744.1 




110.7 


976.90 i 


129.5 


1.S36.4 . i 


148.4 


1753.4 


• 


111.1 


982.84 


129.9 


1344.5 


148.8 


1762.7 




111.5 


989.80 } 


130.3 


1362.6 


J 


149.2 


1772.0 




111.9 


996.78 


130.7 


1360.8 




149.6 


1781.3 




112.3 


1003.7 


i 


131.1 


1369.0 } t 


150. 


1790.7 




112.7 


1010.8 




131.5 


1377.2 


150:4 


1800.1 


36 


113. 


1017.8 


42 


131.9 


1385.4 48 


150.7 


1809.5 




113.4 . 


1024.9 




132.3 


1393.7 , 


151.1 


1818.9 




113.8 


1032.0 


•k 


132.7 ' 


1401.9 i 


151.5 


1828.4 




114.2 


1039.1 


' 


133.1 1 


1410.2 ! 


151.9 


1837.9 




114.6 


1046.3 


i 


133.5 


1418.6 i 


152.3 


1847.4 




116. 


1053.5 


133.9 


1426.9 


152.7 


1856.9 


& 


116.4 


1060.7 


i 


134.3 


1435.3 3 


153.1 , 


1866.5 




115.8 


1067.9 




134.6 


1443.7 


153.5 


1876.1 


37 


116.2 


1076.2 


43 


135. 


1452.2 49 


153.9 


1885.7 




116.6 


1082.4 




135.4 


1460.6 


154.3 


1895.3 




117. 


1089.7 


i 


135.8 


1469. 1 i 


154.7 


1905.0 




117.4 


1097.1 




136.2 


1477.6 




155.1 


1914.7 




117.8 


1104.4 


i 


136.6 


1486.1 i 


155.5 


1924.4 




118.2 


1111.8 




137. 


1494.7 


155.9 


1934.1 




118.6 


1119.2 


i 


137.4 


1603.3 


f 


156.2 


1943.9 




118.9 


1126.6 




137.8 


1511.9 




156.6 


1953.6 


38 


119.3 


1134.1 


44 


138.2 


1520.5 


50 


167. 


1963.6 




ii9.r 


1141.6 




138.6 


1529.1 




157.4 


1973.3 




120.1 


1149.0 


i 


139. 


1537.8 




157.8 


1983.1 




120.6 


1156.6 




139.4 


1546.6 




158.2 


1993.0 




120.9 


1164.1 


i 


139.8 


1555.2 


2 


158.6 


2002.9 




121.3 


1171.7 1 ' 


140.1 


1564.0 




159. 


2012.8 




121.7 


1179.3 i i 


140.5 


1572.8 


■y 


159.4 


2022.8 




122.1 


1186.9 




140.9 


1581.6 




159.8 


2032.8 


39 


122.5 


1194.5 


45 


141.3 


1590.4 


51 


160.2 


2042.8 




122.9 


1202.2 




141.7 


1599.2 




160.6 


2052.8 




123.3 


1209.9 


i 


142.1 


1608.1 




161. 


2062.9 




123.7 


1217.6 




142.5 


1617.0 




161.3 


2072.9 




124. 


1225.4 


i 


142.9 


1625.9 




161.7 


2083.0 




124.4 


1233.1 




143.3 


1634.9 




162.1 


2093.2 




124.8 


1240.9 


i 


143.7 


1643.8 




162.5 


2103.3 




125.2 


1248.7 




144.1 


1652.8 




162.9 


2113.5 


40 


125.6 


1256.6 


46 


144.5 


1661.9 


62 


163.3 


2123.7 




126. 


1264.5 




144.9 


1670.9 




163.7 


2133.9 


♦ . 


126.4 


1272.3 


i 


145.2 


1680.0 


I 


164.1 


2144.1 




126.8 


1280.3 




146.6 


1689.1 




164.6 


2154.4 




127.2 


1288.2 


i 


146. 


1698.2 




,164.9 


2164.7 




127.6 


1296.2 




146.4 


1707.3 




166.3 


2175.0 




128. 


1304.2 


i 


146.8 


1716.5 




165.7 


2185.4 




128.4 


1312.2 




147.2 


1726.7 




166.1 


2195.7 



258 



CIRCmiFERENCE AKD AREA OF CIRCLES. 



\ 



Dia. 


Circ. 


Area. 


Dia. 
59 


Circ. 
185.3 


Area. 


Dia. 


• Circ. 
204.2 


Area. 


53 


166.5 


2206.1 


2733.9 


65 


3318.3 




166.8 


2216.6 




185.7 


2745.5 




204.5 


3331.0 


k 


167.2 


2227.0 




186.1 


2757.1 




204.9 


3343.8 




167.6 


2237.5 




186.5 


2768.8 




205.3 


3356.7 


i 


168. 


2248.0 




186.9 


2780.5 




205.7 


3369.5 




168.4 


2258.5 




187.3 


2792.2 




206.1 


3382.4 


i 


168.8 


2269.0 




187.7 


2803.9 




206.5 


3395.3 




169.2 


2279.6 




188.1 


2815.6 




206.9 


3408.2 


54 


169.6 


2290.2 


60 


188.4 


2827.4 


66 


207.3 


3421.2 




170. 


2300.8 




188.8 


2839.2 




207.7 


^3434.1 


i 


170.4 


2311.4 




189.2 


2851.0 




208.1 


3447.1 




170.8 


2322.1 




189.6 


2862.8 




208.5 


3460.1 


i 


171.2 


2332.8 




190. 


2874.7 




208.9 


3473.2 




171.6 


2343.5 




190.4 


2886.6 




209.3 


3486.3 


} 


172. 


2354.2 




190.8 


2898.5 




209.7 


3499.3 




172.3 


2365.0 




191.2 


2910.5 




210. 


3512.5 


56 


172.7 


2375.8 


61 


191.6 


2922.4 


67 


210.4 


3525.6 




173.1 


2386.6 




192. 


2934.4 




210.8 


3538.8 


i 


173.5 


2397.4 




192.4 


2946.4 




211.2 


3552.0 




173.9 


2408.3 




192.8 


295^5 




211.6 


3565.2 


i 


174.3 


2419.2 




193.2 


2970.5 




212. 


3578.4 




174.7 


2430.1 




193.6 


2982.6 




212.4 


3591.7 


i 


175.1 


2441.0 




193.9 


2994.7 




212.8 


3605.0 




175.5 


2452.0 




194.3 


3006.9 




213.2 


3618.3 


56 


175.9 


2463.0 


62 


194.7 


3019.0 


68 


213.6 


3631.6 




176.3 


2474.0 




195.1 


3031.2 




214. 


3645.0 


i 


176.7 


2485.0 




195.5 


3043.4 




214.4 


3658.4 




177.1 


2496.1 




195.9 


3055.7 




214.8 


3671.8 


i 


177.5 


2507.1 




196.3 


3067.9 




215.1 


3685.2 




177.8 


2518.2 




196.7 


3080.2 




215.5 


3698.7 


i 


178.2 


2529.4 




197.1 


3092.5 




215.9 


3712.2 




178.6 


2540.5 




197.5 


3104.8 




216.3 


3725.7 


57 


179. 


2551.7 


63 


197.9 


3117.2 


69 


216,7 


3739.2 




179.4 


2562.9 




198.3 


3129.6 




217.1 


3752.8 


k 


179.8 


2574.1 


X 


198.7 


3142.0 


% 


217.5 


3766.4 




180.2 


2585.4 




199. 


3154.4 




217.9 


3780.0 


i 


180.6 


2596.7 


• 


199.4 


3166.9 




218.3 


3793.6 




181. 


2608.0 




199.8 


3179.4 




218.7 


3807.3 


i 


181.4 


2619.3 




200.2 


3191.9 




219.1 


3821.0 


^ 


181.8 


2630.7 




200.6 


3204.4 




219.5 


3834.7 


68 


182.2 


2642.0 


64 


201. 


3216.9 


70 


219.9 


3848.4 




182.6 


2653.4 




201.4 


3229.5 




220.3 


3862.2 


i 


182.9 


2664.9 




201.8 


3242.1 




220.6 


3875.9 




183.3 


2676.3 




202.2 


3254.8 




221. 


3889.8 


i 


183.7 


2687.8 




202.6 


3267.4 




221.4 


3903.6 




184.1 


2699.3 




203. 


3280.1 




221.8 


3917.4 


f 


184.5 


2710.8 


i 


203.4 


3292.8 




222.2 


3931.3 




184.9 


2722.4 




203.8 


3305.5 




222.6 


3945.2 



ClBCXfitVmfk^C^ AKD IREA 07 OtfiOLES. 



^59 



l>m./ 


Ciro, 


Area. 


77 


Circ. 


Area. Dia. 


Circ 
260.7 


Area. 


71 


223. 


3959.2 


241.9 


4666.6 83 


6410.6 


f 1 .• " 


22B.4 


3973.1 




242.2 


4671:7 




261.1 


6426.9 


■i- ' 


223.8 


3987.1 


{ 


242.6 


4686.9 


J 


261.5 


6443.2 




224.2 


4001.1 




243. 


4702.1 




261.9 


5459.6 


i 


224.6 


4015.1 


i 


243.4 


4717.3 


i 


262.3 


6476.0 




225. 


4029.2 




243.8' 


4732.5 




262.7 


6492.4 


•i" 


226.4 


4043.2 


i 


244.2 


4747.7 


i 


263.1 


6608.8 


/ 1 r 


225.8 


4067.3 


f 


244.6' 


4763.0 




263.5 


5525.3 


72 


226.1 


4071.5 


78 


245. 


4778.3 


84" 


263.8 


5541.7 


1 •. • 


226.5« 


4086.6 




246.4 


47917 


1 


264.2 


5558.2 


'i ' 


226.9 . 


4099.8 


i 


245.8 


4809.0 


{ 


264.6 


6574.8 




227.3 


4114.0 




246.2 


4824.4 




266. 


5591.3 


_}•'• 


227.7 


4128.2 


i 


246.6 


4839.8 


■i'- 


• 266.4 


5607.9 




228.1 


4142.5 




247. 


4856.2 




265.8 


5624.6 


1 


228.5 


4156.7 


i 


247.4 


4870.7 


i 


266.2 


5641.1 




228.9 


4171.0 




247.7 


4886.1 




260.6 


5657.8 


93 


229.3 


4185.3 


79' 


248.1 


4901.6 


85 


267. 


5674.6 


^ "" 


229. 7 i 


4199.7 


- 


248.6 


4917.2 




267.4 


6691.2 


•f -■ 


230.1 


4214.1 


k 


248.9 J 


4932.7 


i 


267.8 


5707.9 


t 


236.6 


4228.5 


^ 


249.3 


4948.3 




268.2 


5724.6 


i 


230.9 


4242.9 


i 


■ J49.7 


4963.9 


i 


269.6 


5741.4 




231.3 


4257.3 




250.1 


4979.5 




268.9 


5758.2 


i ■ 


' 231.6 


4271.8 


i 


25^.5 


4995.1 


'i.- 


269.3 


5775.0 


. * • 


232. 


4286.3 




250.9 


5010.8 




269.7 


5791.9 


74 


232.4 


4300.8 


80 


251.3 


6026.5 


S6 


270.1 


5808.8 


1 


232.8 


4315.3' 




251.7 


6042.2 




270.6 


6825.7 


■i 


238.2 


4329.9 


} 


252.1 


6058.0 


i 


270.9 


5842.6 


« 


233.6 


4344.5 




252.5 


5073.7 




271.3 


5859.6 


J 


2.34. ' 


4359.1 


J 


252.8 


6089.5 


i 


271.7 


5876.6 




• 234.4 


4373.8 




253.2 


5105.4 




272.1 


5893.6 


1 


• 234.8 


4388.4 


i 


253.6 


6121.2 


1 


272.6 


. 5910.6 


• 


■ 236.2 


4403.1 


» 


254. 


6137.1 


,« 


272.9 


5927.6 


?5- 


236.6 


4417.8 


81 


254.4 


5153.0 


87- 


273.3 


5944.6 




23B. " 


4432.6 


t 


254.8 


5168.9 




273.7 


6961.7 


i 


236.4 


4447.3 


i 


255.2 


8184.8 


i 


274.1 


5978.9 




236.7 


4462.1 




.255.6 


62P0,$. 


, > •• 


274.4 


6996.0 


i . 


237.1 


4476.9 


i 


256. 


6216.8 


i 


274.8 


601,3.2 




237.5 


4491.8 




256.4 


5232.8 




275.2 


6030.4 


J 


a37.9 


4506.6 


i 


256.8 


6248.8 


i 


275;6 


6047.6 




2S6;3 


4521.6 


. 


267.2 


6264.9 




276. 


6064.8 


t6 


238.7: 


4536.4 


82 


267.6 


6281.0 


88 


276.4 


6082.1 




) 239.1 


• 4551.4 




258. 


6297.1 




276.8 


6099.4 


i 


289.5 


4666.3 


t 


258.3 


6313.2 


i 


277.2 


6116.7 




239i9 


4581,3 




258.7 


6329.4 




277.6 


6134.0 


i 


240.3 


4596.3 


i 


259.1 


6346.6 


i 


278. 


6151.4 




24ft.7 


46U.3 


* 


259.6 


6361.8 




278.4 


6168.8 


f }. 


1 241.1 


4626.4 


t 


269.9 


6378.0 


.J 


278.8 


6186.2 




241.5 


4641.5 




260.3 


6394.3 




279.2 


6203.6 



260 



GORROSIOK OF IRON IK WA.TBR. 



Dia. 


Circ. 


Area. 


Dia. 


Circ. 


Area. 


Dia. 


Circ. 


Area. 


89 .; 


279.6 


6221.1 


93 


292.1 


6792.9 


97 


304.7 


7389.8 




279.9 


6238.6 




292.5 


6811.1 




306.1 


7408.8 


i 


280.3 


6256.1 


t 


292.9 


6829.4 


i 


305.5 


7427.9 




280.7 


6273.6 




293.3 


6847.8 




306.9 


7447.0 


i 


281.1 


6291.2 


i 


293.7 


6866.1 


i 


306.3 


7466.2 




281.5 


5308.8 




294.1 


6884.5 




306.6 


7485.3 


i 


281.9 


r 6326.4 


i 


294.5 


6902.9 


i 


307. 


7504.5 




282.3 


6344.0 




294,9 


6921.3 




307.4 


7623.7 


90 


282.7 


6361.7 


94 


295.3 


6939.7 


98 


307.8 


7542.9 




283.1 


6379.4 


. 


295,7 


6958.2 




308.2 


7562.2 


i 


283.5 


6397.1 


i 


296. 


6976.7 


i 


308.6 


7581.5 




283.9 


6414.8 




296,4 


6996.2 




309.0 


7600.8 


i 


2843 


6432.6 


i 


296.8 


7013.8 


i 


309.4 


7620.1 




284.7 


6450.4 




297.2 


703;2.3 




309.8 


7639.4 


i 


285.1 


6468.2 


} 


. 297.6 ' 


7050.9 


i 


310.2 


7658.8 




285.4 


6486,0 




298. 


7069.5 




310.6 


7678.2 


91 


285.8 


6503.8 


95 


298.4 


7088.2 


99 


311.0 


7697.7 




286.2 


6521.7 




298.8 


7106.9 




311.4 


7717.1 


i 


286.6 


6539.6 


i 


299.2 


7125.5 


i 


311.8 


7736.6 




287-. 


6557.6 




299.6 


7144.3 




312.1 


7756.1 


i 


287.4 


6575.5 


i 


300. 


7163.0 


i 


312.5 


7775.6 




287.8 


6593.5 




300.4 


7181.8 




312.9 


7795.2 


i 


288.2 


6611.5 


i 


300.8 


7200.5 


} 


313.3 


7814.7 




288.6 


6629.6 




301.2 


7219.4 




313.7 


7834.3 


92 


289. 


6647.6 


96 


301.5 


7238.2 


100 


314.1 


7853.9 




289.4 


6665.7 




301.9 


7257.1 




314.6 , 


7853.6 


J 


289.8 


6683.8 


i 


302.3 


7275.9 


i 


314.9 


78^3.3 




290.2 


6701.9 




302.7 


7294.9 




315,3 


7913.1 


i 


290.5 


6720.0 


i 


303.1 


7313.8 


i 


315.7 


7932.7 




290.9 


6738.2 




303.5 


7332.8 




316.0: 


7942.4 


i 


291.3 


6756.4 


i 


303.9 


7351.7 J 


316.4* 


7972.2 




291.7 


6776.4 




304.3 


7370.7 


316.8 


7991.9 



CORROSION OF IRON IN WATER 

Whether the effect of cold on iron is to make it brittle may still be 
a disputed point.; but it seems to be well established that the commonly 
received opinion that iron must corrode when exposed to moisture is a 
fallacy. The most careful observations and thorough analysis have 
convinced scientific men that it is the quality of the iron which 
determines the question whether or nttt it will corrode in water — the 
corrosion depending on the homogeneous surface of the metaL^ This 
is the judgment pronounced by the Xondon Institute of Civil Engineers, 
and is supported by numerous examples of a very striking character. 
Gray iron having a good surface is used very largely Tor piles in 



submarine works and JsnrooCagftinst decay, in salt, water ; and a 
leading ship-buiM<^i^, Mh *WeWi,' iiolas that stfdntirotibt proper quality 
will resist the a^tiou ; of; s^H water for «ii iAdeQnite pjsnod/ Caikhon 
sunk ^t Lake Brie durii^ the war of.l812 jwerejtaken up Ibrty vears 
after aliApst, .uninjured, .Three iron ^tea ait . Sheetnesa resisted, ihe 
action of. ^a,U water, fQrtX.y©ftW,'ftn« a fqurthwfta injured »nly by 
galvanic .action cause(},by^|itf^ct¥rith.a lead faoingj Caat iron piles 
at Margate were) taken up aiter stattding twenty-tlvso> years and soMslbr 
the s^fne.price as i^ew pig, bein« equally sounds and other piles left 
standing. jare stiljL uuinjudjejij,, after .thiiity^ht years' exposure. 

It is a c^Mui^on* practice tp use.ch0Ap aatenal in the ooastiuctidn of 
gas and ijfate? pwsrwher^a^ the .best, should always be employed. Th« 
poorer jQualUy. belsBgsoft;.x^en'gniin and' ishowiiig. large ciystails, is 
found, when taken up, to be o^xydized in <taberculair knob& On the 
other hand, when the pipesof the.MaiLhattan..]i^ater Company of New 
York 'were taken up in 1860, many of them were found- in as sound a 
state as when th^ left the foundry in 1^820, a period of forty, years 
havirf^ elapsed. _ * '- ] 

- II ■» > ■ II I ^1 ■ 

Di^lASES Ol' BRAN-FED H0RSE3. 

Millers' horses are particularly sutject to a stony secretion in the 
bowel^f 6aused bf e'afinff too much brari? ' Bftin is i very valuable food 
in ast'^le for reducing tne inflammatory effi^ct of oats atid beans. Made 
into mashes, it has a cooling and laxative^ effect ; bt^t' )ised in excess, 
especially in a dry state, it is apt to form /stony secretions as stated. 
Stones- produced from the excessive use ]of' bran have been taken out of 
horses after death, weighing many pouniis.' When sawn through, they 
appear to be composed of a hard, cr)"sta;ilitte mass, deposited in regular 
annular rings, resembling in appearanc^ the concentric yearly rings of 
wood; they prove to be composed of ' j)l)[osphate of . magnesia, and 
ammonia. The best way to guard agatnisi it is to add- half a pint of 
linseed, boiled until quite soft; to the mash of each horse. 



A RELIABLE PASTE. 



It 

The' following recipe is given for making paste, ofsuch superior 
quality, it is sail, that it will keep twelve months, will adhere better 
than gum, will hot gloss the paper, and can be written on : Having 
dissolved a^..tei^^oonAil of ivlum ip f^;gfVfMrt.ofi warm yrater^i.let; it stand 
till cqldi f^en stir in euo]t|gh <nau{r to gi.;«fe :it the cpnsist^nicy of, thick 
cream, beat all the lumps up carejfully, and stir in as jnuch powdered 
rosin as will lie on a dime. Half a oozen cloves thrown in will give an 
agreeable odor. The mixture is now poured into a cup of boiling 
water, stirring. it activelymeanwhUeiJi^U in a^few mixiutes it becomes 
as thick as mush; It shoula then oe' suffered to (iool, and kept covered 
u]p in 411 eoiol! :plaoe. \ When wanted ftir.use; take «ctt:a povtioik ^aad soften 
with wafm-ijirikter. •!<>>;' : », ■ .•..•• <\\ ..-.•.! ,., »j^ : rj'n'r.h' '■.♦'. '■•• !- -x- > 
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turn LtfiravH oip tfA^tf^ttosra. 



THE LENGTH OF SASH-WEIOHTa 

The following tablo will b« found usefnl in the makinfl( of saah* 
weights,, which of eonrse must bftlance accurately the weight of the 
sash. The first column of figures indicates tbe diameter of^the round 
weight or the length of one side of the square weight, in inches and 
fractional partsr of an inch. The other two columns are sufficiently 
explained in the head lines. Windows of dwelling houses and all 
dassea of public buildings are now so generally made with box frames 
for the reception of weights and pulleys, thatth^ mam^facture of the 
weights is quite ah importaiit branch of indUstrY. It is a very trouble- 
some one in some cases, especially whefe a j6b of thi» kind is only 
occasioni^lly called for, and the w;orkman isobltsed to make an intricate 
calculation for each new si^e of weight required. 
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ROUVD 
IKON. 

19.67 

.12.63, 
8.69 
6.41 
4.44 

, 3.87 
3.13 
2.58 
2.17 
1.85' 
1.69 
1.39 

. 1.22 

.1.08 

.96 






SqUARS 
IHOJf. 

. 15.38 
9.83 
6.86 
5.02 
3.84 
3.03 . 
».45 
?.03 
UO 
1.46 
1:26 
LOf 
.96 

• M' 
'•' .76; • 

1 1. 1 I U il * 
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BoyKp 

IRON. 

.,86 
.78 
,70 
.64 
.59 
.54 
.50 
,46 
.42 
.39 
.37 
.34 
.32 
.30 

..i.. 1. 



5^r 

5" H- 



SQUARK 
IP.ON. 
.68 
.60 

.55 
.50 
.46 
.42 
.39 
.36 
.33 
.31 
.29 
.27 
.25 
.24 



' To.ojjfeftin the length of the weight, it is only iiecessa'ry to multiply 
the length of one pound in inches 1^ tiie number of pounds which the 
Weight 18 to halance. 
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. ' ;. TO. PREVENT LOOSBllflmG OF SCBEWS. 

r.To(^b«aiitaK}B0if9ik«u*workiiig' loofee in the wood, it wUl be found 
expedient, before driying the screw, to insert intheholem'«tMik«f«Jl)enoit 



half its diameter which has been immersed in thick glue. The screw 
is then driven home as rapidly as possible. In mending furniture, 
when glue cannot be easily obtained, powdered resin will serve in its 
place, the stick being inserted in the hole and the resin filled in around 
It The stick is then withdrawn and tiie screw heated sufficiently to 
melt the resin as it is driven to its place. 



To PRETEKT the tire of a wagon-wheel from coming loose and 
reauiring to be refitted, a method highlj^ recommended is to fill the 
felloes with linseed oil before the tire is put on. The timber thus 
treated is not liable to ixgniy by water, and lasts much longer. The 
process followed is to hane the wheel in the oil, each felloe being 
immersed for one hour. The oil, which is contained in a cast-iron 
heater of suitable length, is brought to a boiling heat — a higher desree 
must be avoided, or the wood wul be burned. The timber shoula be 
dry, as in a fpreen state, it will not take oil. The tire of a wheel thus 
treated will, it is said, wear out before becoming loose. 



INTEREST TABLE. 

AT FIVE, SIX, SETEK AKD EIQBT PER CEITT. — BT DATS AKD MONTHS, 

FROM ONE DOLLAR TO ONE THOUSAND. 

By the following table the interest on any sum of money, for any 
length of time, at either five, six, seven or eight per cent., may be 
readily ascertained. In the left-hand column on each page are given 
the days or months, and for each sum of money for which interest is 
to be computed there are four columns, one for each rate per cent. 

EXAMPLES. 

To find the interest on $700 for 1 year, 8 months and 11 days, at 7 
per cent i>er annum : 

700 Dollars, 7 per cent, 12 months, is $ 49 00 

8 months, " 32 67 

11 days " 1 60 



u n n 

« (( Mil ^..^M « 



Answer required $ 83 17 

To find the interest on $1508 for 7 months, at 8 per cent 

1000 dollars, 8 per cent, 7 months, is $ 46 67 

500 " " " " " 23 33 

n tl i( (( (( 4i 0*7 

Answer required $ 70 37 

A calculation of interest made by any other method may be readily 
tested as to its correctness by the use of this table, thus insuring the 
speedy detection of any mistake 
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BYa days and MOKTHSr 'PKOK/ONS BOL{,AH TO- ONK THOUSAND. 
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HOW TO EXAMINE A WELL OR C18TERK. 271 

HOW TO EXAMINE A WELL OR CISTERN. 

In order to explore the bottom of a well, cistern or pond of water, to 
ascertain whether foreign Bubstances and sediment have been deposited 
which it is desirable to remove, it is not necessary to descend to the 
place to be examined. If the sun is shining clearly, a common mirror 
may be so used as to reveal the profoundest secrets of the gloomy depth 
below. When held so as to reflect the rays of the sun upon the surface 
of the water, it will produce a bright spot within the limits of which 
the smallest object, even to a floating straw, can be plainly seen ; and 
by moving the glass so as to change the illuminated spot, the whole 
bottom may be explored, if not hidden by intervening objects. If the 
sun does not shine upon the locality of the opening, its ra^^s may be 
brought to the place by the use of two mirrors or if necessary a series 
of them, one reflecting the light to the other until it reaches the desired 
point, when it may be thrown downward. Light may be carried in this 
way around a house or through it for any distance, the only drawback 
being that it becomes less brilliant with each reflection. The trouble 
involved in the experiment is fully compensated by the amusement 
it affbrds, as weil as by the timely discovery, in many cases, of 
unwholesome deposits in water which isdailyusea for domestic purposes. 



A stBONG solution of alum and water, applied while hot, will 
effectually clean a smoky mantle. When dry, it should be sand-papered 
and receive one coat of paint. . 



POWER, QUANTITY OF WATER USED, AND REVOLUTIONS 

OF TURBINE WATER WHEELS. 

In the following tables are given the number of horse power, quan- 
tity of water used per minute, and number of revolutions per minute, 
of turbine water wheels of various sizes, under heads ranging from 3 to 
40 feet. The tables give the number of revolutions made by the wheel 
when at work. But as there is always a loss of fall by the water draw- 
ing down in the head race and also rising in the tail race, when the 
wheel is running, the calculations for speed of wheel and machinery 
should be based oh a fall from six inches to a foot less than the meas- 
ured fall, when the head and fall is from four to twenty feet, and 
eighteen inches when the fall is over twenty feet; thus allowing for the 
losd of head mentioned, which will bring the speed of the wheel to suit 
the actual running head. 

The«tahles here given, seven in number, were calculated and arranged 
for the Leffel Double Turbine Water Wheel. The sixth and seventh of the 
8e|ies are especially computed for wheels furnishing the power employed 
int mining operations. The fiflh, sixth and seventh tables, it will be 
ob£D^rv£^ are arranged somewhat differently from the others, the heads 
in these tables ranging from 41 to 100 feet: 



POWER, <(UANTITV OF WATER USED, INI) RETOLCTIONH 
OF TURBINE WATER WHEELS. 
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POWER, QtJAHTITV OF WATER USED, AHD REVOLUTIONS 
OF TURBINE WATER WHEELS. 
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POWER, I^UAIITITT OP WATER USED, AND BETOLUTIONS 
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TABLE OF BOARD HEASURK. 



BOARD MEASURE. 

Multiply the area of one running foot of a given width and thickness, 
as found in the table, by the length of board, and the product will be 
the superficial contents in square feet. 
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The " OLD RELIABLE" with improvements, making it 

The Most Perfect Turbine Now in Use, 

Comprising the Largest and the Smallest Wheels, under both the 
Highest and Lowest Head used in this country. Our new Illustrated 
Book sent free to those owning water power. 

Those improving water power should not fail to write us for New 
Prices^ before buying ^Isewhere. New Shops and New Machinery are 
provided for making this wheel 

Address, JAMES LEFFEL ft CO., gprinsileldt Ohio, 

and 110 lAhmtty St., N. T. Oity. 



LEFFEL'S NEW IMPROVED VERTICAL 

Mining Wheel. 

On page 278 will be found an illustration of the New and Improved 
Vertical Mining Wheel, manufactu. ed by James Leffel & Co. This 
Wheel is especially adapted to mining purposes, and for other cases in 
which it is desirable to use a wheel on a horizontal shaft Hitherto the 
difficulties attending the employment of a wheel in that position have 
been very great, and have been thought almost insurmountable ; but by 
years of persevering experiment, attended with heavy expense, we have 
succeeded in overcoming them in the most thorough manner by the 
production of the Wheel here referred to. 

For full particulars, and for our New Illustrated Wheel Book, just 
issued, address 

JAMES: LEFFEL ic CO., 

Sprincllold, Ohio, 
and 110 laiMrtjr fit», N. T. Oitj. 
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BOOKWALTER ENGINES, 

... COMPACT, SUBSTANTIAL, ECONOMICAL, 

GUARANTEED TO WORK WELL 

AND GIVE FUIX POWER CUUMED. 

Hundreds of our Engines are already in operation, driving various 
. kinds of machinery, and giving most excellent satisfaction. We can 
furnish a large number of references and letters of recommendation 
from parties who have used and fully tested the economy, the easy 
management, durability, power, and the many merits of the Bookwalt- 
er Engine. 

For processes requiring light power, such as wood sawing, running 
cotton gins, elevators, printing presses or cheese factories, pumping 
water, a large variety of farm work, and in fact all light manufacturing 
prirposes, this Engine is expressly adapted, both in construction and 
cost. 

' Every Boiler and Engine is tested by hydraulic pressure to twice the 
working pressure, and also steamed up and run, before leaving the 
• Works, to insure, its perfect working in the hands of the purchaser. 

" '-'- El^rine and BoUer Complete, including Governor, Pump, etc., at 

3 Horse power, $240.00 

4} Horse power, 280.00 

6 J Horse power, --.--_-.. 355.00 

8} Horse power, 440.00 

Put on the cars at Springfield, Ohio. 

JAMES LEFFEL ic CO., 

Springrfieldy Ohio, or 

110 Liberty St^ New Tork. 

S«Bd tor J>escriptiTe Circular* 
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LEFFEL MECHANICAL NEWS. 

This periodical, the oldest Mechanical and Milling Paper in the 
countn', and long recognized as the leading and 

STANDARD JOURNAL OF ITS CLASS, 

has recently been increased in size to Sixteen Pares, and will hereafter 
be published Twice a Month. Its subscribers will therefore receive in 
each yearhr volume, 884 Pages^ giving them nearly three times the 
amount of matter heretofore published. 

SUBSCRIPTION PRICE, ONE DOLLAR A TEAR. 

The extraordinary success of the Lepfel Mechanical News has 
induced the publishers to make this enlargement of the paper, which is 
thus rendered, without any exception, thelowest in price, for the amount 
|ind quality of its contents, of any journal^ in the United States. No 
effort will be spared to give to the mechanics, engineers and millers of 
the country, and all interested in industrial and scientific topics, a paper 
which shall fully meet the requirements of those classes, at the lowest 
possible cost to its subscribers. Its editorial force has been largely 
increased by the addition of 

THE BEST SCIENTIFIC AND EDITORIAL TALENT 

to be engaged exclusively upon the columns of this paper, thus 
making its staff, in number and ability, the equal of that employed on 
any scientific and mechanical journal in this country. The press-work 
and illustrations will be of first-class quality, ana executed on fine 
super-calendered paper; and in all respects the Mechanical News will 
be so conducled as to give it an unquestioned place in the 

FRONT RANK OF THE INDUSTRIAL AND SCIENTIFIC PRESS 

of the United States. Its pages will. faithfully record and illustrate all 
New Inventions, Improvements and Discoveries of value to the public, 
in the field of Mechanical Industry, Science and the Arts. Another 
feature contemplated in this enlargement of the Mechanical News is 
that of keeping its readers informed of the progress of Science and the 
Mechanic Arts abroad by means of special correspondence from able 
and practical writers in England and on the European continent 
EACH NUMBER WILL BE MACHINE-FOLDED, PASTED AND 

TRIMMED, 

adding greatly to the convenience of the reader. No MechaniCy Man- 
n&ctnrer or Mill-Owner can afford to be withont it. 

Subscription price, ONE DOLLAR A YEAR, (postage paid by us,) strictly in 
advance. 

Inclose the money (either in curiency, posul order or postage stamps), in a letter at 
our risk, and direct to 

JASU3M l^KPrHi^ & COm Publislieni, 
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